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Abstract 
The objective of this thesis was to demonstrate the 
potential of fast atom bombardment mass spectrometry (FABMS) 
as a probe of condensed phase systems and its possible uses 
for the study of hydrogen bonding. FABMS was used to study 
three different systems. The first study was aimed at 
investigating the selectivity of the ligand 
tris(3,6-dioxaheptyl) amine (tdoha) for the alkali metal 
cations. FABMS results correlated well with infrared and nmr 
data. Systems where a crown ether competed with tdoha for a 
given alkali metal cation were also investigated by fast atom 
bombardment. The results were found to correlate with the 
cation affinity of tdoha and the ability of the crown ether to 
bind the cation. 
In the second and third studies, H-bonded systems 
were investigated. The imidazole-electron donor complexes 
were investigated and FABMS results showed the expected H-bond 
strength of the respective complexes. The effects of 
concentration, liquid matrix, water content, deuterium 
exchange, and pre-ionization of the complex were also 
investigated. In the third system investigated, the abundance 
of the diphenyl sulfone-ammonium salt complexes (presumably 
H-bonded) in the FABMS spectrum were found to correlate 
with qualitative considerations such as steric hindrance and 
strength of ion pairs. 
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Ie INTRODUCTION 
A. FAR and SIMS 
In the past, a chemist studying thermally labile, 
involatile, and polar molecules had to regard mass 
spectrometry as a technique whose success was limited. This 
was due mainly to the fact that achievement of optimal results 
in mass spectrometry is highly dependent on the method of 
ionization and on the method of sample introduction. 
However, the advent of new ionization techniques has 
greatly enhanced the scope of mass spectrometry to compounds 
previously not amenable to study by it. Fast atom bombardment 
1 
mass spectrometry (FABMS) is probably the most important of 
the new ionization techniques because of its simplicity, 
adaptability, versatility, and relatively low cost. FAR 
involves the bombarding of a sample in a liquid matrix, with a 
neutral beam of atoms having energies of 2-8 KeV to obtain 
sputtered negative and positive ions. The ionization process 
and inlet techniques are combined. FAB can be considered an 
outgrowth of Secondary Ion Mass Spectrometry (SIMS) which uses 
2-8 KeV ions without a matrix liquid. 
Although the techniques rely on the same principle, 
the extension of SIMS to solid organic samples proved to be 
difficult owing to extensive radiation damage. 2 Benninghoven 
provided the first solution to this problem by reducing the 
2 
flux of the primary ions (bombarding particles) and adjusting 
the angle of incidence on the target. However, the use of a 
low beam flux means that the sample ion current is reduced to 
the point where integration of the signal over 5-30 minutes is 
necessary to produce analytically useful results. 
Fundamentally, the use of a neutral atom beam is a 
minor difference since Benninghoven3 has demonstrated that the 
charge (+ve, Ove, or -ve) of the bombarding particle has no 
effect on secondary ion emission. Furthermore, a neutral beam 
had previously been used for organic and inorganic analysis 4 • 
The second and most significant difference resides in 
sample preparation. In FAB, the sample is usually dissolved 
in a liquid matrix of low vapour pressure (glycerol is the 
most common and versatile). When this solution is exposed to 
the bombarding particles, the sputtered sites on the matrix 
surface are continually replenished with analyte by the 
process of diffusion. 
The terminological polemics concerning FAB and SIMS 
have not ended. Although the term FAB is somewhat a conveyor 
of misinformation5 , the root of the problem is the lack of a 
definite convention with respect to the meaning of the term 
FAB. The term liquid SIMS has been proposed as an 
alternative. 
3 
B. The FAB Method 
The FAB method involves, first and foremost, providing 
a mass spectrometer with an atom gun. A beam of fast atoms is 
produced by ionizing the atoms, accelerating them through a 
potential (typically 2-8 KeV), and finally allowing the fast 
ions to be neutralized through resonant gas phase charge 
exchange. 
The remaining ions can be eliminated by an 
electrostatic deflecting plate. (There are many designs of 
6 
atom guns , but the concern here is with the most common and 
widespread types which use rare gases [Ar, Xe] as their source 
of atoms.) 
The fast atom beam is then intercepted by the sample 
which is mounted on a metal target attached to a direct 
insertion probe. The position of the probe tip is such that 
the beam produces a 60 degree angle with respect to the normal 
of the probe tip surface and maximizes sputtering into the 
mass spectrometer. The various geometrical requirements for 
7 different target configurations have been examined by Perel. 
The resulting ions sputtered from the sample are then 
extracted by collimating and focussing electrodes to the mass 
spectrometer. The angle of incidence is critical as it is 
sensitivity related 8 • The collision of bombarding atoms with 
the sample imparts energy to the sample atom which recoils 
with sufficient energy to generate a collection of low energy 
4 
secondary recoil molecules. It is the concerted movement of 
these recoil molecules which provides enough energy to 
overcome the surface barrier. This is the so-called linear 
collision cascade mechanism. In light of this mechanism, 
another factor enhancing the sputter yield (sensitivity) is 
the mass of the bombarding atom8 • An increase in the mass of 
the bombarding atom increases the amount of energy imparted to 
the sample by the beam. Xenon, for example, offers a 
sensitivity that is approximately three times greater than 
Argon which is the most routinely used bombarding atom. 
9 10 Mercury, siloxane fragments (a diffusion pump fluid), and 
11 
cesium are amongst a wide variety of bombarding particles 
that have been experimented with in the need to achieve high 
sputtering yield with high signal to noise ratio. The use of 
12 liquid metal ion sources has been experimented with but the 
impact of these devices cannot be assessed at this time 
because of their limited use. 
c. Instrumentation. 
Although a variety of primary ion sources are 
available for FABMS, by far the most widespread gun designs 
13 
are the gas fed sources based on the saddle field and the 
capillaritron14 • The advantage of the FAB source is that it 
can be retrofitted to old or new instrument designs provided 
a suitable port onto which the atom gun can be mounted is 
available while still providing for a direct insertion probe. 
5 
It is also possible to have the gun mounted on the direct 
insertion probe. 
The main modifications necessary concern a more 
efficient ion source pumping system (to remove gas from the 
atom gun and evaporated matrix) and wide spacing of the 
collimating and focusing electrodes to allow for the greater 
dispersion of the sputtered ions. A high mass magnet is 
generally desirable to exploit the high mass ions generated by 
FAB. 
Secondary ion mass spectrometer design 
15a 15b 
considerations and FABMS guns are discussed in a recent 
ACS symposium series volume. The author discussing the former 
topic states that the field is "still in its infancy [and 
that] most of the instrumental features outlined in this 
paper ••• have yet to be incorporated into present day 
machines, [that] most instruments currently being used have 
capabilities for SIMS [and FAB] far below those which are 
potentially available if currently available ion optical 
techniques were used." 
The advantages of focussed primary ion beams and 
16 immersion lenses for more efficient secondary ion extraction 
have been reported. The usefulness of a neutral atom beam 
(despite the fact that it is not entirely neutral) is still 
controversial as Magee stated that "for reasons that are 
unclear, the makers of magnetic sector organic SIMS 
instruments promulgate the mystique that it is difficult to 
direct a focussed ion beam into the sample region due to the 
6 
high electric fields present ••• " 
D. Matrix Liquids 
Notwithstanding the potential misinformation imparted 
by the term FAB, the matrix liquid is the crucial innovative 
component of the technique. The fact that sensitivity can be 
changed by orders of magnitude by modifying the chemical 
environment of the matrix shows how crucial matrix chemistry 
is in FABMS. 17 18 The publication of two recent reviews ' on 
the subject signifies the importance of this component of FAB. 
Generally, there are a number of requirements which the 
matrix should fullfill to optimize FABMS results. The matrix 
should: 
(1) Dissolve the sample 
(2) Remain relatively involatile at ion source 
pressure and temperature 
(3) Allow the sample to replenish the sites from 
which sputtering occurs i.e. the viscosity of the matrix 
should be low enough to ensure the diffusion of solutes to the 
surface. 
(4) Be chemically unreactive toward the sample unless 
the reaction is one which is known or desired or which 
promotes simple ionization. 
It was clear in the earliest FAB results 19 that 
optimal results were obtained with pre-formed ions. Watson 
20 
et al have used UV in conjunction with FAB to show this. A 
7 
good correlation was observed between the degree of 
protonation indicated by the appropriate absorption bands of 
porphyrins and the abundance of the quasi-molecular ions 
[M+H]+ in the FAB spectrum of the corresponding solution. 
Pre-ionization in the matrix can be promoted in a 
number of ways. The addition of various agents such as acids 
or alkali metal salts can increase the secondary ion current. 
An example would be the cationization of the sample with 
21 
alkali metal salts in the study of carbohydrates • Silver 
22 
complexes have also been used because of their easily 
identifiable isotopic pattern. 
Classical organic reactions can be used to produce 
cationic sample molecules. Quaternization of molecules 
containing a heteroatom has been used for amino, telluro, 
seleno, and thio derivatives 23 • Girard's p reagent can be 
reacted with ketones and aldehydes to form a pyridinium salt. 
Primary amines can be converted into pyridium salts by 
pyrillium24 derivatives. The limitations of these methods are 
the same as those of a classical derivatization reaction, 
those being a good yield and a relatively easy experimental 
_procedure. The means of promoting anion formation have 
received little attention so far. This type of reverse 
derivatization is opposite to derivatization procedures of 
conventional mass spectrometry which seeks to produce more 
volatile and non-polar compounds. To efficiently sputter 
these pre-formed ions, a liquid matrix possessing a high 
dielectric constant seems logical since it will seperate these 
8 
ion pairs. Thus, where pre-formed ions are present, a high 
dielectric constant matrix might be a general requirement. 
Many liquid matrices are mixtures using a co-solvent 
to remedy solubility problems encountered. For example, 
glycerol/dimethylformamide mixtures were used as a liquid 
matrix to obtain spectra of 4,4'-disubstituted 2,2 1 -bipyridine 
25 tetracarbonylmetal complexes of molybdenum and tung ten • 
For maximum sensitivity, the sample should form a 
perfect monolayer at the surface of the matrix liquid. Under 
monolayer conditions, ions due to the matrix liquid should be 
totally suppressed. 
There are two drawbacks to the use of a matrix 
liquid. First, where monolayer conditions cannot be achieved, 
the liquid matrix may generate peaks which could complicate 
spectrum interpretation. In this case, peaks due to the 
matrix and to adducts formed by the matrix may appear in the 
spectrum. The second complication involves chemical 
interaction between the sample and the matrix where the sample 
may be decomposed by matrix. Finding compatible matrix-sample 
combinations can require substantial experimentation. 
Apart from glycerol (the most common and versatile 
matrix liquid) many other matrix liquids have been 
experimented with. for example, crown ethers, 2-nitrophenyl 
octyl ether, meta-nitrobenzyl alcohol, thioglycerol, diethanol 
amine, tetramethylene sulphone, and polyphenyl ethers 
(diffusion pump oil) to name a few. Their efffectiveness is 
intrinsically related to their ability to fulfill the general 
9 
requirements mentionned earlier. The development of a FABMS 
26 
continuous flow probe has allowed a significant increase in 
the water content of the matrix (80% water/20% glycerol). It 
has been shown that the more aqueous nature of the matrix 
leads to a significant increase in the sensitivity of 
27 detection of some bio-organic compounds • 
E. FABMS Aplications to Solution Chemistry 
One of the key features of the FAB method is the use 
of a liquid matrix, most commonly glycerol or 
glycerol/solvent mixtures. Despite this, the potential of 
FABMS as a technique for the study of condensed phase systems 
has been underestimated and relatively unexplored. Thus, the 
second advantage (though some see it as a disadvantage) of a 
liquid matrix is that it allows solution chemical reactions 
and equilibria to be studied as part of the analytical 
process. 
In one of the first solution chemistry applications 
of FABMS, Caprioli was able to determine the apparent 
dissociation constants of weak acids in solution 28 • Despite 
some inherent limitations compared to published values in pure 
aqueous systems (the presence of glycerol, a lower dielectric 
constant component), the results are significant. Caprioli 
also monitored the progress of an enzyme-catalyzed reaction by 
measuring the relative abundances of selected ions present in 
10 
29 the FAB mass spectra of reaction solutions • Johnstone and 
co-workers have correlated ion abundances in FAB spectra with 
changes in solution concentrations of cation-crown ether 
30 
complexes • A mixture of macrocyclic ligand, glycerol, and 
water was used as the liquid matrix. It was found that the 
variations in ion abundances corresponding to metal 
cation-ligand complexes closely paralled published stability 
constants. This study is of particular importance since the 
methods used for the investigation of complexation between 
macrocyclic or acyclic polyethers and metal cation tend to be 
cumbersome and usually require calorimetry, potentiometry, or 
absorption spectroscopy for the determination of stability 
constants. 
The authors also measured the cation affinity of the 
macrotetralide antibiotic nonactin for Na+ and K+. The 
measured complex ratio of [ligand-Na+]/[ligand-K+] was 1:17 
which closely matched the published value of 1:19 (30 0 C in 
methanol). 
Kalinoski 31 et al have investigated the use of 
FABMS as a probe of condensed phase chemistry. In their 
study, FABMS was used in conjunction with their synthetic 
efforts to elucidate complex organometallic reactions of aryl 
and hetrocyclic mercuric acetates with chiral furanoid and 
pyranoid glycals (cyclic enol ethers). The direct reaction 
mixture FABMS analysis showed that the principal ions in the 
FAB spectra accorded closely with species postulated on the 
basis of product isolation studies and mechanistic 
11 
considerations. The authors were cautious as to the 
significance of their results but nonetheless acknowledged 
that FABMS is full of promises as an effective tool for the 
elucidation of complex organometallic reaction mechanisms. 
32 Saito and Kato detected short-lived glutathione 
conjugates of an aryl nitroso carcinogen by performing the 
reaction in a glycerol matrix with subsequent FABMS analysis. 
Negative ion FABMS was used to study the reaction of boronic 
acids with triols, sugars, and nucleosides in situ on the 
probe of the mass spectrometer33 • Boronic acids react with 
trifunctional compounds having the appropriate configuration 
to give 5 to 8 membered ring boronate cage compounds that are 
negatively charged. 
Benzene boronic acid was dissolved with glycerol, 
thioglycerol, 3-aminopropane-l,2-diol, and triethanol amine, 
then analysed by FABMS to give the negatively charged cage 
complex. Because the stability of the complex depends on the 
orientation of the reacting functional groups, it was 
concluded that the method has use for configurational analysis 
of the appropriate polyfunctional natural products and in 
increasing the sensitivity with which such compounds can be 
detected (a case of reverse derivatization). 
Smith 34 et al have demonstrated that enzymes could 
remain active in glycerol/water mixtures on the probe tip 
within the mass spectrometer provided exposure to the fast 
atom beam was limited to 6X30 seconds stints over a period of 
30 minutes. The hydrolysis of p-toluenesulphonyl-L-arginine 
12 
methyl ester (TAME) by the enzyme trypsin was monitored by 
FABMS. The course of this reaction was followed over 24 
minutes and the peak due to the reactant diminished in favour 
of the free acid with time. 
FABMS was used to measure accurately the rates of 
enzymatic reactions and these rates were then used to 
35 
calculate kinetic parameters of the reaction • In these 
studies, the removal of aliquots from the batch reaction with 
time for FABMS analysis was preferable since it circumvented 
the problem of variations in the reaction mixture if it stayed 
in the high vacuum environment of the mass spectrometer as 
in 'real time' analysis. The recent advent of FAB flow probes 
will now permit continuous sampling of reaction solutions. 
Pedzer and De Pauw36 have reported redox processes in 
LSIMS (liquid SIMS) and FABMS of glycerol solutions. They 
point out that the relative intensity of ions due to the 
+3 +3 +2 
reduction of Fe ,Cr ,and Cu (as glycerol adducts) 
reflects their relative redox potentials. Of particular 
interest was the reduction of cationic organic dyestuffs form 
a quinoid to semi-quinoid species. The experimental results 
were qualitatively interpreted in terms of the standard redox 
potential scale. 37 A further study with other dyestuffs 
confirmed the results of the previous study. 
The development of a continuous-flow FABMS probe will 
allow the use of matrix liquids much more volatile than are 
currently used. This could go a long way in alleviating the 
problems that arise from the limited number of liquid matrices 
13 
available. The main advantage of the technique is that it 
will allow the use of matrix liquids with a high aqueous 
character (up to 90% water). 
To conclude, the most significant sign to date for 
the acceptance of FABMS as a probe for the study of condensed 
phase systems is the latest specialists periodical report on 
mass spectrometry38 which briefly discusses the FABMS 
applications to solution chemistry. 
ELECTROHYDRODYNAMIC IONIZATION 
The only other mass spectrometry technique that has 
been applied to solution chemistry is EHMS 
(electrohydrodynamic mass spectrometry)39. 
Electrohydrodynamic ionization is another modification of the 
field ionization technique. Electrohydrodynamic ionization 
extracts preformed ions directly from solution using a strong 
applied electric field imparting little or no internal energy 
to the sampled ions. Thus EHMS spectra are usually devoid of 
fragmentation. 
A first study involved (bipyridyl)3 M (M=Ru+ 2 , Cr+ 2 ) 
complexes sampled from glycerol solutions. As expected on 
+2 the basis of relative lability, only the (bpy)Cr complex 
gave evidence of oxidation and ligand exchange (with chloride 
counter ion and glycerol solvent). 
The formation of metal ion complexes of 18-crown-6 
were investigated with EHMS. The relative abundances 
14 
adduct ions followed expectations based on adduct stabilities 
reported provided that competing ions were of the same 
charge. For example, divalent metal ions were more strongly 
solvated, indicating greater solvent interactions and hence a 
larger potential barrier to field ev~poration. A similar case 
+ was the Li complex, for which EHMS had a low sensitivity. 
This was probably due to the lithium ion's high charge density 
and thus its strong ion-pairing and solvent interaction 
potential. This low EHMS sensitivity was interpreted as 
consistent with solution behavior rather than gas phase 
chemistry. 
Thus, EHMS can be complicated by the difficulty in 
obtaining reproducible emission for some solutions and by the 
variability of ion sampling anddetection 
efficiencies(sensitivity). Limitations in this respect are 
due to ion-pairing and charge density effects. Furthermore, 
EHMS requires solutions with low volatility and high 
conductivity. 
G. Mass spectrometry and hydrogen bonding 
Hydrogen bonding has been studied by both 
42 
spectroscopic and non-spectroscopic techniques • However, 
the use of spectroscopic techniques has become dominant in 
recent years and infra-red, nuclear magnetic resonance, ultra 
violet, and photoelectron spectroscopy have been used 
successfully for the study of hydrogen bonding. Save for high 
15 
43 44 pressure methods and ion cyclotron resonance mass 
spectrometry has been largely ignored for the study of 
hydrogen bonding. 
The traditional ionization method of electron impact 
requires volatilization of the sample and bombardment with a 
70eV beam of electrons, the combination of which rules out 
the use of EI for the study of hydrogen bonded complexes. In 
general, the hydrogen bonded complexes studied by ICR and 
high pressure mass spectrometry are the result of ion-molecule 
reactions. This limits those methods to compounds volatile 
enough to create the pressure required for the ion-molecule 
reactions to occur. 
Despite the routine appearance in FAB spectra of 
glycerol (or any other matrix capable of inter molecular 
H-bonding) dimers and oligomers, presumably held by 
H-bonding, the potential of FABMS for the study of H-bonding 
has been virtually ignored. Miller and Clark45 have observed 
the H-bonded complex of imidazole and trimethyl phosphate with 
FABMS. IR, 15 N nmr, and X-ray crystallographic data support 
a strong, easily polarizable H-bond in the complex. The 
nature of the information obtained by FAB is complementary to 
that obtained with other 'fast' analytical techniques such as 
nmr and IR. The authors suggest that the application of FABMS 
to the analysis of hydrogen bonded complexes may well become a 
routine analytical method for the study of strong hydrogen 
bonding. 
16 
7. Scope of the thesis 
The objective of this thesis is to demonstrate the 
ability of FAB to monitor the solution behavior of condensed 
phase systems and its uses for the study of hydrogen bonding. 
The work performed can be seperated in three parts; 
two being somewhat intrinsically related. 
the last 
i) Tris(3,6-dioxaheptyl)amine alkali metal cation complexes 
Complexes formed in solution between polyethers and 
metallic cations have been widely studied because of their 
excellent selective transport properties. We have studied 
the complex formation between tris(3,6-dioxaheptyl)amine 
(tdoha, industrial name TDA-i) and alkali metal cations using 
FABMS. In light of the controversy surrounding the ability of 
FABMS to give an accurate picture of solution behavior, we 
have obtained IR and NMR data supporting our FABMS results. 
Systems in which a crown ether and tdoha competed for an 
alkali metal cation were also investigated. 
ii) Hydrogen bonded complexes of imidazole with various 
electron donors 
As mentionned earlier the FABms of the H-bonded 
complex of imidazole and trimethyl phosphate was reported and 
an ion corresponding to the complex observed. A further study 
of H-bonding to imidazole with a range of electron donors of 
17 
varying strength using FABMS was carried out. The effect of 
matrix liquid, concentration, and water content on the H-bond 
were investigated. 
iii) Multiply H-bonded cationic complexes 
In hope of increasing the strenght of H-bonded 
complexes as well as their FABMS sensitivity, multiply 
H-bonded cationic complexes were studied. It was hoped that 
complexes with multiple H-bonds would be more stable and thus 
increase the likelyhood of detection using FABMS. The effect 
of cationization is well documented and did enhance FABMS 
sensitivity as expected. The H-bonded complexes of protonated 
secondary amines and phenyl sulfones formed the bulk of this 
study. Other systems were investigated though not as 
extensively. 
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II. Experimental 
A. Instrumental 
The FABMS mass spectra were obtained using a Kratos 
AEI MS-30 double beam mass spectrometer (Kratos Ltd, 
Manchester, U.K.) retrofitted with a saddle field fast atom 
bombardment gun (Ion tech, Teddington, U.K.) and a Kratos FAB 
source in beam 1. Xenon and argon were the bombarding atoms 
and the energy of the beam was 6-8 Kev. Stainless steel probe 
tips were used. All spectra were acquired at a scan speed of 
10 seconds per decade at full gain. 
The accelerating voltage and resolution were kept at 
4Kv and 1000 throughout, respectively. Data were collected as 
peak time centroid and mass convertion was done offline based 
on a tris(perfluoroheptyl)-s-triazine calibration. An 
interfaced Kratos DS-55 data system was used for data 
collection and manipulation. The PLOT program was used to 
obtain pictorial representation of the mass spectra. The QUAN 
program gave quantitative reports including peak masses and 
intensities in terms of % of base peak and % total ion 
current. 
Infrared spectra were obtained using an Analect 
-1 1 FX-6260 FT-IR at a resolution of 4cm • H nmr were obtained 
using a Buker WP-80 and a Bruker AC 200 spectrometer. 
19 
B. Tris(3,6-dioxaheptyl)amine 
The saturated solutions of alkali metal halides were 
prepared and left to stand at 45 °c for at least 24 hours. 
The solution were then analysed by FABMS without a liquid 
matrix as tdoha is a liquid with a low vapor pressure. All 
spectra were peak averaged from a minimum of ten scans. The 
bombarding atom was xenon. 
Infra-red spectra were recorded as thin films of the 
neat samples between KBr disks. The crude NaI-tdoha infra-red 
spectrum was obtained as a nujol mull. 1 The H nmr spectrum of 
tdoha and the NaI-tdoha complex were obtained in [2 H6 ]DMSO on 
a Bruker WP-80. 19 F nmr spectra were obtained from the neat 
sample on a Bruker WP-60 (external lock). CFCl 3 was the 
external reference. 1 19 H nmr, F nmr, and infra red spectra 
(except RbI-tdoha spectrum) were run by Dr 8.J. Brown. 
Crown ether-tdoha-alkali metal chloride solutions 
were prepared in approximately 1:1:1 molar ratio. This was 
done by weighing 0.5-1.0g of the alkali metal halide salt and 
adding equimolar amounts of the crown ether and tdoha in that 
order. FABMS spectra were obtained after standing for a 
minimum of 24 hours at 40 °e. 
The crude NaI-tdoha complex was prepared from a 
saturated solution of NaI in tdoha. Precipitation of a brown 
solid was observed after heating the mixture to about 130 °c 
and allowing it to cool at room temperature. The dark brown 
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solid was washed with cyclohexane and diethyl ether. The 
resulting pale brown solid was hygroscopic and dried under 
vacuum (0.1 torr) at room temperature. Complex formation also 
appeared to occur when tdoha and Nal were mixed in a 1:1 molar 
ratio and left to stand for more than 48 hours. After 48 
hours, 
solid. 
the 1:1 Nal-tdoha mixture crystallized to a brown 
15 N nmr was attempted on a 1:1 molar solution of 
LiBr-tdoha with a Bruker AC 200 at a frequency of 20.287 MHz. 
The INEPT (insensitive nucleus enhancement by polarization 
2 
transfer) sequence was used with J{N_H)8 2 The J(N_H) was 
estimated from literature data on aliphatic amines. 
The tdoha/alkali metal halide and glycerol/water 
systems were prepared by dissolving about O.10g of salt in 2 
mL of 50/50 (v/v) glycerol/water solution. A molar equivalent 
of tdoha was then added to the mixture. The solutions were 
left to stand for a minimum of 24 hours prior to FABMS 
analysis. The competitive system, where equimolar amounts of 
alkali metal iodides competed for one molar equivalent of 
tdoha, was set up in a similar manner. The amounts of Lil, 
NaI, KI, RbI, and tdoha added were molar equivalents of 0.12g 
of Csl (4.6X10- 3 moles) dissolved in 5mL of SO/50 (v/v) 
glycerol/water solution. 
The ligand tdoha was obtained from May and Baker. 
18-crown-6, 15-crown-5, and 12-crown-4 were obtained from 
Aldrich. LiF, LiCl, LiBr, LiI, NaF, NaCl, Nal, KF, KC1, KBr, 
KI, RbF, RbI, CsF, CsCl, and Csl were obtained from BDH, Alfa, 
and Fisher scientific. All the above compounds were of 
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reagent grade and were used unpurified. 
c. Imidazole-electron donor complexes 
The neutral hydrogen bonded complexes were prepared 
by dissolving 1.0g (0.015 moles) of imidazole in 150-200mL of 
diethyl ether. A molar equivalent of the electron donor was 
then added. The resulting mixture was subjected to rotary 
evaporation to remove the bulk of the solvent. The remainder 
of the mixture was then pumped dry (0.1 torr) to leave the 
crystalline complex. All solvent removal was carried out as 
described above. 
The 2:1 (molar ratio of electron donor to imidazole) 
complexes were prepared by dissolving 1.0g of imidazole in 
150-200 mL of acetonitrile. A molar equivalent of concentrated 
HBr (47% in water) was added to generate the protonated 
imidazole. Two molar equivalents of electron donor were next 
added and the solvent removed as previously outlined. 
Deuteroimidazole was prepared by warming imidazole in D20 
followed by removal of the D20 under vacuum. Deuterium 
1 
content was confirmed by H nmr in CDCl 3 • Deuterium content 
was found to be about 90%. The deuteroimidazole-diphenyl 
sulphoxide 1:1 complex was prepared in the same manner as 
other 1:1 imidazole-electron donor complexes. 
The 1:1 imidazolium bromide-triphenyl phosphine 
oxide complex was prepared by dissolving 1.0g of imidazole in 
100mL in acetonitrile. Addition of a molar equivalent of 
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concentrated HBr (47% in water) followed by removal of the 
solvent gave the imidazolium bromide salt. One gram of the 
salt was dissolved in 100 mL of acetonitrile and a molar 
equivalent of triphenyl phosphine oxide was added to the 
solution. Solvent removal yielded the crystalline complex. 
FABMS samples were prepared by dissolving the sample 
in the chosen liquid matrix. Slight heating was applied to 
the mixture in some cases to facilitate dissolving the sample. 
All samples were left to stand a minimum of 24 hours before 
obtaining the FABMS spectra. The MIKE spectrum of the 
imidazolium bromide-triphenyl phosphine oxide was obtained 
from a VG ZAB-E. 
Infrared spectra were obtained as 
hexachlorobutadiene mulls. 1 All H nmr spectra were obtained 
in CDCl 3 on Bruker WP-80(courtesy of Dr S.J. Brown}. The 31p 
nmr of the imidazolium bromide-triphenyl phosphine oxide 
complex, imidazole-triphenyl phosphine oxide complex, 
triphenyl phosphine oxide, and triphenyl phosphine 
oxide-tetrabutyl ammonium iodide solution were obtained with a 
Bruker AC 200 at 81.015 MHz. All spectra were run in 
acetonitrile at a concentration of 0.18 moles per litre in 0.5 
mm tubes. Each spectrum was obtained from 16 scans. H3 P0 4 
was used as an external reference. 
Diphenyl sulphoxide, triphenyl phosphine oxide, 
benzophenone, diphenyl ether, and triphenyl methanol were from 
Aldrich. Imidazole was from BDH. Sulfolane, glycerol, and 
meta-nitro benzyl alcohol were from Aldrich. 
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Ortho-nitrophenyl octyl ether was obtained from Fluka AG. All 
the compounds were reagent grade and were used unpurified. 
Multiple donors 
Ortho-phenanthroline was prepared from the 
monohydrate. The monohydrate (2.00g) was dissolved in 150 mL of 
toluene. KF dried at 350 °c for 24 hours was added to the 
mixture. The mixture was next heated until the solvent was 
refluxing up the condenser and into the Dean-Stark apparatus. 
Refluxing was carried out until there was no more water 
collected. The remainder of the mixture was filtered to remove 
the KF. The remainder of the solvent was then removed as 
outlined before ( rotary evaporation followed by drying under 
0.1 torr vacuum). The infrared spectrum of the white 
crystalline product indicated the absence of water. 
The ammonium halide salts were obtained by reacting 
the amines with concentrated HBr or HI (both 47% in water). 
Ammonium halide salts were obtained in this way for imidazole, 
pyridine, triethyl amine, diethyl methyl amine, and di-isopropyl 
amine. Dimethyl ammonium chloride and diethyl ammonium chloride 
were obtained from Aldrich. Dimethyl ammonium iodide was 
obtained by ion exchange of dimethyl ammonium chloride. A 
column of anion exchange resin ( Amberlyst A-26) was loaded with 
iodide by eluting one Liter of 1.1 M KI through the column. 
The column was then washed with 50 mL of 
acetonitrile. Finally, 100 mL of 0.2 M dimethyl 
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ammonium chloride in acetonitrile was eluted through the 
column. The eluant was subjected to rotary evaporation to 
remove the bulk of the solvent. A pale yellow crystalline 
solid precipitated and was dried under vacuum (0.1 torr). The 
infra red spectrum of the product (as KBr disk) showed a shift 
to lower wavenumber of the N-H stretch vibration compared to 
the dimethyl ammonium chloride salt. The band shifts from the 
chloride salt to the iodide salt were 2439 cm- 1 to 2415 cm- 1 
-1 -1 
and 2782 cm to 2752 cm ,respectively. The infra red 
spectrum of the product also indicated the absence of water. 
The FABMS spectrum of the product in NBA showed the m/z 219 
+ -which corresponds to (Me 2NH 2 )21. No cluster ions with the 
chloride ion were observed. 
The infrared solution spectra of diphenyl sulfone, 
dimethyl ammonium chloride, and the diphenyl sulfone-dimethyl 
ammonium chloride were obtained in dry acetonitrile at a 
concentration of approximately 0.2 M with KBr windows (O.5mm 
path length). The positive ion ammonia chemical ionization 
spectra of sulfolane and diphenyl sulfone were obtained on a 
ZAB-E. 
Diphenyl sulfone, sulfolane, dimethyl ammonium 
chloride, diethyl ammonium chloride, dimethyl sulfone, 
triphenyl phosphine oxide, quinuclidine, dimethyl ethyl amine, 
di-isopropyl amine, and ortho-phenanthroline were obtained 
from Aldrich. Imidazole, amberlyst-26, and triethyl amine 
were obtained from BDH. All the above were of reagent grade 
and were used unpurified. 
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III. Results and Discussion 
A. Tris(3,6-dioxaheptyl)amine-alkali metal complexes 
Al. Introduction 
Saturated solutions of LiF, LiCI, LiBr, LiI, NaF, 
NaCl, NaI, KF, KCI, KBr, KI, RbF, CsF, CsCI, and CsI in 
tris(3,6-dioxaheptyl)amlne (tdoha) were prepared and analysed 
by FABMS. Since tdoha is a liquid with a high boiling point 
(>330C), a liquid matrix was not required for FABMS analysis. 
This property of tdoha enabled recording of scans for 15 
minutes without significant change. The potential of tdoha as 
a matrix was briefly investigated but did not seem promising. 
The compound diphenyl tin chloride dissolved well in tdoha but 
the FABMS spectrum was virtually identical to that of neat 
tdoha. The same results were obtained with tetraphenyl 
phosphonium bromide which should have exhibited a high FABMS 
sensitivity. 
Sharp 46 et al have used 18-crown-6 mixed with 10% 
tetraglyme to depress its melting point as a FAB matrix for 
the analysis of rhodium, platinum, and iridium 
organometallics. The advantage of tdoha over crown ethers is 
its relatively low toxicity (LD50=4.5g/Kg) and lack of 
mutagenic activity as well as comparatively low price given 
47 the simpler synthetic procedures • Unfortunately, the 
effectiveness of tdoha as a FABMS matrix seems limited. 
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The FABMS spectrum of tdoha (figure 1) showed no 
molecular ion. The quasi molecular ion was at m/z 324. 
The peak at m/z 322 can be rationalized as arising from 
protonation at the nitrogen with subsequent cyclization 
involving loss of a hydrogen molecule. The base peak in the 
spectrum at m/z 234 corresponds to the fragment C11H24N04. 
Other intense peaks occur at m/z 59 (92%) base and m/z 248 
(38% base) corresponding to C3H70 and C12H26N04,respectively. 
The electron impact mass spectrum of tdoha showed a small 
molecular ion at m/z 323 (less than 1% base intensity). 
Interestingly, loss of a hydrogen molecule from the molecular 
ion was observed. The main ions m/z 59 and 234 were also 
observed. 
Weber 48 et al believe that variations of complex 
stability and ion selectivity can often be accomplished more 
readily than with their cyclic counterparts. Complexation and 
decomplexation are generally faster in acyclic systems as the 
pseudo cavity has greater conformational flexibility. The 
acyclic ligands offer the advantage of facile synthesis. 
Contrary to crown and cryptand compounds, the acyclic ligands 
do not suffer the drawback of more involved synthetic 
procedures necessary to generate cyclic compounds. This 
results in inexpensive, versatile synthesis. The first 
non-cyclic cryptates were first introduced by Voegtle et al 
49 A first index of cryptand analoguous complexation 
behavior was provided by the phase transfer of solid KMn0 4 and 
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Figure 2. Tris(3,6-dioxaheptyl)amine 
R= Methyl 
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alkali metal picrates into non-aqueous phase. This phase 
transfer capacity50 was found to exceed that of 
dibenzo-18-crown-6. 
The initial aim of our research was to investigate 
the potential of tdoha as a phase transfer catalyst for KF or 
CaF Z• The idea, as in the 18-crown-6-KF system, is to 
k d fl "d • 51 generate a na e uor1 e 10n • This is achieved by the 
polyether strongly complexing the cation. In analoguous 
fashion, tdoha has been used in solid-liquid phase transfer 
catalyst for the preparation of alkyl thiocyanates by 
nucleophilic displacement 47 • 
In the presence of a catalytic amount of tdoha, solid 
NaSCN (in chlorobenzene) becomes gradually solubilized and the 
reaction with the alkyl bromide takes place; sodium bromide 
precipitates. The equilibria 1 and 3 are considerably 
displaced to the right and the catalyst is released after each 
reaction. 
Figure 3. tdoha in the preparation of R-SCN 
NaSCN + tdoha --=:::.... +-~ tdoha[Na] SCN 
NaBr + tdoha 
~
A.2. Neat tdoha-Alkali metal Halide systems 
( 1 ) 
(3) 
The features of the FABMS spectra of the saturated 
alkali metal halide/tdoha solutions depended on the 
complexation affinity of tdoha for the alkali metal cations. 
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If the affinity of tdoha was high, as in the case of the 
lithium cation, the peaks due to tdoha were suppressed 
compared to the tdoha-cation complex peak. The strength of 
the interaction was reflected 
containing fragment of tdoha, 
(figure 4~ 
by the presence of a metal 
+ Li(C 6H13 N0 2 ) , at m/z 138 
As can be seen in table 1, our results show there is 
no apparent periodic trend in terms of cation-tdoha complex 
abundances as obtained with FABMS. The lack of periodic trend 
is obvious when comparing KI and NaI. No explanation can be 
offered for this anomalous result at this point. However, 
because NaI forms a solid complex with tdoha, there is the 
possibility that some of the NaI precipitates. The potassium 
salts gave the expected trend with the total ion current due 
to the complex increasing on changing the anion from fluoride 
to iodide. For the fluorides, the presence of water would 
help solubilize the cation or anion. However, aquated complex 
ions were not observed. 
A crude solid NaI-tdoha complex was isolated from the 
saturated solution. Its FABMS spectrum in glycerol is 
described in table 3. In contrast to the saturated solution 
FABMS spectrum, the peak corresponding to the complex was the 
base peak and a metal containing fragment was observed at m/z 
154. This metal containing ion is analoguous to the m/z 
observed in the lithium-tdoha FABMS spectra. Cesium chloride 
and iodide showed no complex formation while KF, RbF, and CsF 
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Table 1. FARMS of alkali halide-tdoha saturated solutions 
alkali 
Halide 
LiF 
LiCl 
LiBr 
LiI 
NaF 
NaCl 
NaI 
KF 
KCl 
KBr 
KI 
RbF 
CsF 
esCl 
Csl 
m/z 324 
OHH)+ 
4.2 
0.9 
0.0 
0.0 
6.8 
5.6 
3.4 
5.8 
4.8 
4.1 
0.0 
4.6 
4.9 
4.1 
5.4 
m/z 234 
13.5 
5.1 
0.0 
0.0 
14.0 
16.7 
11. 2 
14.8 
12.4 
17.8 
0.4 
13.9 
14.0 
13.3 
14.3 
Percentage of TIC* 
(tdoha+cation) peak 
0.0 
27.9 
45.1 
38.8 
0.0 
0.2 
4.9 
0.2 
0.3 
3.2 
22.8 
0.2 
0.1 
0.0 
0.0 
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Table 2. FABMS of LiCl-tdoha saturated solution 
m/z % of base peak Assignment 
330 100.0 [tdoha+Li]+ 
324 3.1 [tdoha+H] + 
322 11. 3 [tdoha-H] + 
234 18.4 [CllH24N04] + 
138 17.0 [C 6H13N0 2Li] + 
59 10.2 [C 3H7O] + 
Figu re 5. FAB mass spectrum of the NaI-tdoha complex 
in glycerol 
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Table 3. FABMS of the crude NaI-tdoha complex in glycerol 
m/z 70 of base )2eak Assi~nment 
346 100.0 [Na(tdoha] + 
322 4.5 [M-H]+ 
234 11.6 [C11H24N04] + 
154 19.2 [Na(C 6H13NO Z)] + 
59 39.6 [C 3H7O] 
+ 
23 48.8 [Na]+ 
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showed weak complexation. The high hygroscopicity of these 
salts may also be responsible for their anomalous behavior. 
The IR spectra of the RbF and CsF-tdoha solutions did show 
water contamination. The 19 F nmr of the saturated tdoha of 
LiF, NaF, KF, RbF, and CsF were in agreement with FABMS 
results. LiF and NaF gave no complex peak in the FABMS. The 
19 F nmr of these systems gave no observable signal 
demonstrating that none of the salts had dissolved. KF, RbF, 
and CsF which gave weak complex peaks in FABMS, showed a 
- 19 
signal corresponding to F in F nmr. The chemical shifts 
were typical of the fluoride ion (-97 to -117ppm, CFC1 3 
reference). The signals were unusually broad, with CsF 
having a 1inewidth at half peak height of 740Hz. These 
unusually broad linewidths are analoguous to those observed 
for the crown ether alkali metal fluoride solutions. The 
possibility of reverse micelles was postulated for these 
52 
systems • 
Given the controversy surrounding the ability of 
FABMS to reflect solution behavior, IR data was obtained for 
the tdoha-alkali metal halide systems. The systems which 
showed complexation in the FABMS experiment also showed 
significant changes in their IR spectra. As with crown 
ethers, the greatest change in going from the free ligand to 
-1 the complex occurs in the 900-1200cm region. 
Th C 0 C . ib . f d h at 1120cm- 1 e - - asymmetric v ration 0 t 0 a 
was significantly shifted to lower wavenumber upon 
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complexation (figure 6). The magnitude of the shift to lower 
wavenumber was cation dependent. The frequency change of the 
c-o-c asymmetric vibration (table 4) appeared to parallel the 
strength of the complex. 
It should be noted that the exact frequency shift 
was difficult to determine, given that the width of the bands 
increased. New bands were observed at about 930 and 750cm- 1 • 
The intensity of these bands was found to be dependent on the 
degree of complexation but not on the cation. 
The samples were run as thin films between KBr 
discs. As a result, some complexation of K+ occurred. 
However, this was not significant enough to affect the spectra 
in the time needed to obtain it (2-3 minutes). This was 
demonstrated by obtaining a spectrum using an ATR accessory 
with a ZnSe crystal. 
A complex was isolated only for NaI. The IR 
spectrum of the crude NaI-tdoha complex was virtually 
identical to that of the saturated solution. The 1H nmr of 
the NaI-tdoha complex showed slight changes compared to tdoha. 
The H protons were found to shift to 0.15ppm higher field, 
a 
consistent with an ion-dipole interaction between the oxygen 
atoms and the sodium ion. The other proton chemical shifts 
were unchanged. 
An attempt was made to analyze a neat solution of 
LiBr-tdoha (1:1 molar ratio) by 15N 53 nmr • This was an 
atempt to show the participation of the nitrogen atom in the 
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Table 4. 
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C-O-C asymmetric vibration shift in the infrared 
spectra of saturated tdoha-alkali halide solutions 
Salt Change in -1 frequency(cm ) 
LiI 33 
NaI 26 
KI 26 
RbF 10 
CsF 10 
CsI 0 
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complexation of Li+ by tdoha. No signal was observed for the 
LiBr-tdoha solution. This could be due to the low molar 
concentration of nitrogen in the sample. The effect of the 
viscosity of the solution on the relaxation parameters as well 
as the change in the electrical environment of the 15 N nuclei 
are not clear. 
A.3. Crown ether-tdoha competitive systems 
Johnstone 54 et al. have shown that the peak 
heights due to the crown ether-cation complexes in FABMS were 
proportional to the concentration of those species in 
solution. However, their attempt to extract quantitative 
determination of crown ether/metal cation complexes 
concentrations in solution from FABMS data is a little 
premature. Their use of published stability constants to 
calculate the concentration of crown ether-cation complexes in 
a different solvent can be questioned. Furthermore, comparing 
the peak intensity ratio of two complexes (valomycin-K+ and 
+ valomycin-Na ) with the ratio of the stability constants of 
those same complexes determined in a different solvent seems 
erroneous. However, the concept that one can get a relative 
idea of ligand-cation affinities seems more reasonable. 
The competitive systems where a crown ether and 
tdoha competed for an alkali metal cation were set up and 
subsequently analysed by FABMS. Since none of the 
translational energy of the incoming atom was required for 
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ionization, it was assumed that energy was used to overcome 
coulombic forces and seperate the ligand-cation complexes from 
their counter ions. Thus, approximately the same amount of 
energy was required to desorb the tdoha crown ether 
complexes. Hence, the relative concentrations of the tdoha 
and crown ether complexes were assumed to be directly 
proportional to their respective peak intensities. This 
assumption implies that differences in desorption efficiencies 
were small. The crown ethers, tdoha and alkali chloride salts 
were mixed in a 1:1:1 molar ratio and analysed by FABMS. This 
type of experiment gave an interesting insight on the relative 
complexing strengths of the ligands (table 5). Fragment ions 
due to tdoha were abundant and strong but the ions 
corresponding to the respective crown and tdoha complexes were 
significant. 
The above results correlate well with respective 
affinities of the crown ethers for the cations based on the 
cation size. In the case of the potassium cation, when mixed 
with 18-crown-6 and tdoha the majority of the K+ was complexed 
to the crown. This was probably due to the optimum size of 
the 'cavity' of 18-crown-6 for the K+ cation. With 
15-crown-5, an increasing amount of K+ was coordinated to 
tdoha because of the smaller size of the crown ether cavity. 
With 12-crown-4, all the potassium was coordinated to tdoha. 
The sodium series can be rationalized along the same lines i.e 
in terms of the respective size of the cation and crown ether 
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Table 5. FABMS of crown ether-tdoha-alkali chloride solution 
Crown 
ether 
18-crown-6 
15-crown-5 
12-crown-4 
18-crown-6 
15-crown-5 
12-crown-4 
18-crown-6 
15-crown-S 
12-crown-4 
Cation 
K+ 
K+ 
K+ 
Na+ 
Na+ 
Na+ 
Li+ 
L1+ 
Li+ 
Crown 
cavitY57 
radius 
(Angs.) 
1.45 
0.92 
0.72 
1.45 
0.92 
0.72 
1.45 
0.92 
0.72 
Cation 
radius 
(Ang.) 
1. 33 
1. 33 
1.33 
0.98 
0.98 
0.98 
0.78 
0.78 
0.78 
Crown 
ether* 
complex 
88 
55 
0 
100 
40 
0 
23 
35 
3 
* Percentage of metal containing ions only 
tdoha * 
complex 
12 
45 
100 
0 
60 
100 
77 
65 
97 
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cavity as well as the affinity of tdoha for the cation. 
The competitive crown ether-tdoha-lithium chloride 
system confirmed the high affinity of tdoha for the lithium 
cation. With 18-crown-6, 23% of the Li+ was bound to the 
crown ether and 77% to tdoha. Reducing the cavity size of the 
crown ether with 15-crown-5 resulted in an increase of the 
crown ether bound cation complex with 35% of the Li+ 
coordinated to the crown ether. Finally, a further decrease 
of the cavity size (12-crown-4) resulted in 97% of the Li+ 
bound to tdoha. 
Although it seems fair to say that the data support 
the view that small crowns bind small cations better than 
large ones and vice versa, the severe limitations of this 
generalization must not be overlooked. One should consider 
the flexibility of the ligand as well as the possibility that 
55 the complex stoichiometry may not necessary be 1:1 • For 
example, 18-crown-6 can fold somewhat around the Na+ cation 
which is smaller than its cavity size. The effect of ligand 
flexibility is well illustated by the potassium 
dibenzo-30-crown-10 complex where the ligand wraps itself 
completely around the cation (figure 7). 
A.4. Structural aspects of tdoha complexes 
The structures of the complexes formed by tdoha and 
alkali metal cations have received little attention. Although 
56 
some complexes have been isolated only two crystal 
structures of open chain cryptands (tdoha analogues) appear in 
Figure 7. 
44 
The structures of the complexes of 
Dibenzo-30-crown-l0(K+) and 
+ 18-crown-6(Na ) 
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the literature. The crystal structure of the complex formed 
between the three-armed decadentate ligand and KSCN shows the 
arms of the tripodand wrapped around the cation in a 
propeller-like way with all donor atoms coordinated to K+. An 
interesting fact is that coordination by the anion is totally 
hindered because of the complete envelopment of the cation. 
The anion remains outside the lipophilic 'shell' of the 
complex in analogy to the bicyclic cryptates where the metal 
57 
cations are also completely enveloped • Whether this 
envelopment of the cation would significantly affect the 
desorption efficiency in FABMS of the smaller cation complexes 
(by reducing coulombic attractions between the anion and 
cation) compared to that of the larger cation complexes is 
uncertain. In tdoha, the nitrogen atom probably participates 
effectively in the coordination of the smaller cations. This 
is again based on an anology to the cryptands which can 
assume three conformations according to the configuration of 
the two nitrogen bridgeheads (figure 8). X-ray studies show 
the free [2.2.2.] cryptand to exist in the endo-endo 
conformation in the crystal. In all known cryptand complexes, 
the configuration is also endo-end0 55 • 
However reasonable it may seem, one cannot assume 
that tdoha complexes adopt such a configuration in solution. 
The flexibility of the open chain cryptand possibly allows for 
a variety of conformations for different cations. This is 
supported in part by the crystal structure of the complex 
46 
Figure 8. The three different conformations of a 
cryptand. 
exo-endo 
exo-exo 
endo-endo 
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formed between the ligand tris-[(2-methyl-8-quinoyl-oxy)ethyl] 
amine and rubidium iodide (figure 9 ). It appears the 
tripodand wraps around the cation in the manner of a linear 
58 ligand rather than a cryptand • Nonetheless, one should be 
aware that conclusions on the real tendency of formation and 
the stability of a polyether complex as well as the ligand 
conformation of the complex in solution can only be drawn to a 
limited 59 extent via the crystal structure 
A.5. Complexation order 
The complexation order found in this study (neat 
tdoha) contrasts with results obtained by a potentiometric 
56 
study in water/methanol where the complexation order was 
Na+, K+>Rb+>Cs+, Li+ 
The complexation order from the peak intensity of the 
respective cation-tdoha complex in the FABMS experiment (neat 
tdoha) was 
Li+>Na+, K+>Rb+>Cs+ 
The low complexation order of the lithium cation in 
the potentiometric study can be rationalized by the fact that 
it is strongly solvated by the water/methanol solvent system. 
Preliminary FABMS experiments on the 
tdoha/water/glycerol/alkali halide salts system gave a 
complexation order close to that of the potentiometric study. 
The complexation order with the water/glycerol matrix was 
Na+>K+>Li+>Rb+>Cs+ 
This order was obtained by submitting to FABMS 
Figure 9- Crystal structure of the RbI complex of 
tr.is-[(2-methyl-8quinoyl-oxy)ethyl]amine 
..j:::o 
00 
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analysis an equimolar mixture of alkali iodides in 
glycerol/water (2:1 by weight) mixed with 1 molar equivalent 
of tdoha. The complexing order was defined according to the 
peak intensities corresponding to the respective tdoha-cation 
complexes (figure 10). 
If one takes into account the abundance of the free 
metal cations, relative stability constants can be roughly 
determined. Th h d . b'l' 60 K e t ermo ynam~c sta ~ ~ty constant th can be 
given by equation(4), where Fc' F L , and FM are the activity 
coefficients of the three species present. 
K = th 
(4) 
Since the coefficients are generally unknown, the 
stability constants K based on the concentrations are usually 
s 
employed. K is an average stability constant for the system 
s 
in thermodynamic equilibrium. 
(5) 
In the experiment described above, [L], the 
concentration of the ligand, was a constant since all cation 
affinities were measured simultaneously. The 'relative' 
stability constants were obtained by using the respective peak 
intensities instead of concentrations. In other words, the 
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'releative' stability constants were defined as the ratio of 
the peak intensities corresponding to the ligand-cation 
complex and the free cation (tdoha-M+/M+). The data are 
tabulated in table 6. Corrections were not made for the 
differences in sensitivity at different m/z values. Johnson 
at al 30 stated that the corrections were unlikely to 
invalidate general conclusions provided one was dealing with 
one ligand and a series of metal cations. 
However, the reliability of the value of the 
lithium-tdoha relative K can be questioned. 
s 
This is due to 
two factors. First, because the mass spectrometer was only 
calibrated to m/z 11, the abundance of the lithium cation had 
to be measured from the ion meter(gauge). Second, the mass 
spectrometer has an inherently low sensitivity for a mass as 
low as that of lithium (m/z 7). A third consideration may be 
that the lithium is strongly solvated by the glycerol/water 
solvent system which could further diminish its abundance in 
the FABMS spectrum. Thus, the effect of these three 
considerations is that the abundance of the uncomplexed 
lithium cation should be assumed to be higher. This in turn 
implies a lower relative K which is reasonable considering 
s 
the stability of similar polyether lithium complexes in 
strongly solvating medium. 
If one discards the K value for lithium the 
s 
complexation order from relative K values is qualitatively 
s 
the same as that from the peak intensities of the complexes. 
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Table 6 • Relative stability constants for the + M -tdoha 
complexes 
Cation complex abundance K X10 LogK 
'7. of base peak s s as 
Li+ 22.6 28.1 1.5 
Na+ 84.3 17.2 1.2 
K+ 61. 7 6.2 0.8 
Rb+ 19.2 4.6 0.7 
Cs + 5.2 2.0 0.3 
Table 7 • Log K values for tdoha from Voegtle 56 
s 
Li+ Na+ K+ Rb+ Cs -I-
Log K <2.0 2.2 2.2 2.0 <2.0 
s 
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There has been only one study on the stability constant values 
56 for tdoha-alkali metal cations complexes in solution • The 
K values were determined in water/methanol using a pH metric 
s 
method. The results are reported in table 7. 
As can be seen the results do not agree all that 
well with the FABMS results. This discrepancy could be 
explained by the difference in solvent systems. However, the 
authors failed to mention the experimental limitations of the 
method as determined by Lehn 61 et al • First, only values of 
log K >2 are considered reliable. 
s 
Second, the errors 
resulting from experimental scatter of the log K values are 
s 
about 2<logK , 6K=±O.4. 
s s 
This means that there is no 
'definitive' data in the literature on the magnitude of the 
stablity constants of the tdoha-alkali metal cations. 
Notwithstanding this there is qualitative agreement between 
the potentiometric and FABMS methods whereby the sodium and 
potassium complexes are significantly stronger than the 
lithium, cesium, and rubidium complexes. 
A.G. Conclusion 
The recent development of continuous flow FAB probes 
could greatly enhance the scope of solution studies by FABMS 
altough the pumping speed requirement for such devices are 
demanding and thus not amenable to many instruments. The use 
of matrices with a more aqueous character allowed by the 
continuous flow probe technique should allow more relevant 
comparison of the FABMS results with data obtained by more 
54 
conventional methods. Because different solvent systems are 
used and due to the fact that such factors as desorption 
efficiency and surface activity could contribute to the 
enhancement or depletion of a particular complex ion, 
interpretation of the results should be cautious. 
Because of the possibility of oxidation-reduction 
processes in FABMS it is probably not possible to extend the 
use of the technique for the study of transition metal cation 
selectivity of multidentate ligands. This probably limits the 
technique to the alkali metals and alkaline earth metals. 
Given the fact that the methods used for the 
investigation of complexation between macrocyclic or acyclic 
polyethers and various metal cations tend to be cumbersome and 
usually require calorimetry, potentiometry or absorption 
spectroscopy, it is hoped that the usefulness of FABMS in this 
regard has been shown to be a quick and efficient method to 
obtain qualitative data. The simplicity and time saving 
aspects of the experiment are great assets. It should be 
stressed that these results are to be interpreted with caution 
and should be considered qualitative. The specificity of mass 
spectrometry confers a great advantage to FABMS with respect 
to other techniques. However, FABMS is hampered by the 
limited number of suitable matrices available. This in turn 
restricts the number of systems amenable to FABMS. 
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B. Imidazole-Electron Donor Complexes 
B.l. Basic Considerations and Matrix Selection 
Our study of H-bonded systems by FABMS started with 
an attempt to observe the H-bonded dimer of benzoic acid. 
This was done by dissolving relatively high amounts of 
benzoic acid in N-methylpyrrolidone which was used as the 
matrix liquid. However, the H-bonded dimer of benzoic acid 
was not observed probably because there is no site where 
protonation of this species can occur without breakdown of 
the dimer itself. Polar molecules are usually observed as 
the protonated quasi-molecular ion in FABMS and the 
observation of the molecular ion in the spectrum is 
exceptional unless one is dealing with a salt which 
generally show the intact cation and anion. Thus, the main 
problem confronted in FABMS for the study of H-bonded 
complexes resides in the fact that as a mass spectrometric 
technique, FABMS requires complexes that are charged in 
order to be detected. This means the complex must be either 
pre-ionized (i.e. be a cation or an anion) or provide for a 
site where protonation can occur to yield the 
quasi-molecular ion [M+H]+. 
62 The imidazole-electron donor complexes are ideal 
candidates for the study of H-bonding by FABMS since the 
56 
complexes can be protonated at the N3 position of imidazole 
63 
without breaking the hydrogen bond • In this study, the 
electron donors used were triphenyl phosphine oxide, 
diphenyl sulphoxide, benzophenone, triphenyl carbinol, and 
diphenyl ether. 
The second problem in the FABMS study of hydrogen 
bonded complexes is the selection of a suitable liquid 
matrix. Glycerol is by far the most used matrix liquid but 
its strong hydrogen bonding capability (both as a donor and 
acceptor) would imply that only the complexes possessing 
64 quite strong hydrogen bonds would be expected to be 
observed. Unfortunately, liquid matrices with good 
H-bonding capability are usually the best FABMS matrices. 
Preliminary work with glycerol gave the expected results 
which confirmed that a strong H-bonding matrix interferes 
with the observation of the complex. Only the 
imidazole-electron donor complexes having the strongest 
H-bonds, such as that formed by triphenyl phosphine oxide, 
were observed with glycerol as the liquid matrix. 
Glycerol-imidazole and glycerol-triphenyl phosphine oxide 
H-bonded adducts were also observed. 
Ortho nitrophenyloctylether was also used but the 
complexes were found to have low solubility in this matrix. 
Because of this low solubility only the stronger H-bonded 
complexes were observed. For other electron donors, the low 
concentration of the species probably led to dissociation of 
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the complex. The use of diffusion pump oil (polyphenyl 
ether) was also limited by the poor solubility of the 
complexes. 
An extensive study was carried out with sulfolane 
(tetramethylene sulfone) because of the high solubility of 
the complexes in this matrix. Initial results were 
encouraging since complex ion abundances were relatively 
high. A concentration study was undertaken with the 
diphenyl sulphoxide-imidazole complex. The results were 
inconclusive and unreliable due to the high volatility of 
the matrix in the vacuum of the mass spectrometer at low 
sample concentration. This meant that only 2-3 scans could 
be accumulated over a period of less than 2 minutes. Even 
though at higher sample concentration the FABMS spectra were 
more long lived, examination of each individual scan showed 
a rather significant change in the peak intensities of the 
ions of interest relative to one another over 10 scans 
(about 5 minutes). Furthermore, the intensity of the complex 
peak m/z 271 did not seem to follow corresponding decreases 
in sample concentration. 
Another problem with sulfolane was the tendency of 
the triphenyl phosphine oxide-imidazole complex to 
crystallize on the probe tip after a short time inside the 
vacuum system of the mass spectrometer. This resulted in 
the suppression of the signal due to the H-bonded complex. 
Thus, after considerable experimentation, the results 
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indicated that the short lifetime of sulfolane in the mass 
spectrometer vaccuum made it unsuitable as a liquid matrix 
for the study of H-bonded complexes if reliable results were 
to be obtained. The advent of the continuous flow probe may 
solve the volatility problem of sulfolane. What was a 
drawback in the 'classical' FABMS experiment could become an 
asset with the continuous flow probe since the solvent used 
must have a certain volatility to allow a reasonable flow. 
The higher intensities of hydrogen bonded complexes observed 
in sulfolane implies that weaker complexes could be observed 
using the continuous flow probe. 
Meta-nitrobenzyl alcohol (NBA) was the best matrix 
for the study of hydrogen bonded complexes of imidazole. 
The use of NBA allowed the accumulation of spectra over a 
period of 10-15 minutes without loss of ion current. In 
contrast with sulfolane, the lifetime of NBA in the vacuum 
system of the mass spectrometer was long and did not require 
high sample concentration for the ion current to be long 
lasting. Another advantage of NBA is its relatively low 
capacity to form H-bonds relative to other protic matrices 
such as glycerol. However, complex ion abundances observed 
in NBA were generally somewhat lower than in sulfolane. 
B.2. H-bond strengths 
The FABMS of imidazole in NBA (1.3 M ) showed the 
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imidazole quasi-molecular ion at m/z 69 as the base peak 
(figure 11) Other significant ions were the imidazole dimer 
+ [2Im+H] (m/z 137, 13% of base), and a peak at m/z 222 (2% of 
base) corresponding to NBA presumably H-bonded to imidazole. 
The FABMS spectra of the complexes typically showed peaks 
corresponding to the quasi-molecular ion of the hydrogen 
bonded complex (when it was present), the protonated 
imidazole, and the protonated electron donor. The FABMS 
spectrum of the triphenyl carbinol-imidazole complex did not 
show a quasi-molecular ion for the electron donor. The base 
+ peak was usually Ph 3C , probably arising through loss of 
water from the protonated triphenyl carbinol. Figure 12 
shows the FABMS spectrum of the imidazole-triphenyl phosphine 
oxide complex in NBA. The ion corresponding to the complex 
appears at m/z 347 with the protonated triphenyl phosphine 
oxide dimer at m/z 556. The ion at m/z 201 corresponds to 
loss of a phenyl from triphenyl phosphine oxide. 
The abundance of matrix peaks decreased with an 
increase in sample concentration. This particular phenomenon 
is well documented in the earliest FABMS literature and is 
believed to arise from the formation of a monolayer of sample 
at the surface of the matrix thus suppressing peaks due to 
the matrix. 
For Ph 3 P=O, Ph 2S=O, Ph 2C=O, and Ph 3 COH the H-bond 
63 formation was confirmed by infra red spectroscopy • The 
fig1Jre 11. 
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FAB mass spectr1Jm of Imidazole in NBA (1.3 M ) 
+ [ImH---NBA] 
figure 12. FAB mass spectrum of the triphenyl phosphine oxide-imidazole 
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1:1 ratio of the electron donor to imidazole was confirmed 
by 1H nmr. Diphenyl ether did not seem to form a complex. 
There was no peak corresponding to the hydrogen bonded 
complex in the FABMS spectrum. For the triphenyl 
carbinol-imidazole complex, it is possible for the hydrogen 
bond to have two forms in solution. This arises from the 
ability of the hydroxy group to act both as a hydrogen bond 
donor and acceptor. In other words, the triphenyl carbinol 
could be hydrogen bonded to the imidazole with the hydroxy 
hydrogen H-bonded to the N3 nitrogen. This complex would 
not be detectable by FABMS since the N3 position is blocked 
and ionization would therefore not take place. However, 
there is a possibility that protonation could occurr at N1 
but N3 should be the preferred site. The presence of the 
triphenyl carbinol-imidazole H-bonded complex in the FABMS 
mass spectrum cannot be ascertained with definitive 
certainty as its intensity was rather weak. 
The intensity of the peak corresponding to the 
hydrogen bonded complex of imidazole with the electron donor 
was not an accurate measure of the complexes' strengths. 
The use of tetramethyl ammonium iodide as an internal 
standard at low concentration in the matrix (6.3X10- 3 M ) 
failed to give good results presumably because its 
lionization efficiency'is quite different from that of the 
complex. Furthermore, the use of an internal standard is 
complicated by possible interactions with analyte and matrix 
63 
components 38 • This is why the use of isotopically labeled 
analogs have become the norm in FABMS quantitation 
65 
experiment • Thus the 'internal standard' should be 
chemically similar to the compound of interest if one is to 
assume that the ionization efficiency of the internal 
standard and analyte are the same. Riley 66 et a1. have 
reported a good example of FAB quantitation in an industrial 
context. The same argument holds for measuring the 
intensity of hydrogen bonded complex relative to the 
quasi-molecular ion of the electron donor since the 
ionization efficiency changes from one electron donor to the 
other. That is to say, the tendency of the electron donors 
to undergo protonation is not the same throughout the 
series. Furthermore, the ionization efficiency of the 
electron donors is not the same as that of the complex. 
Since ionization of both imidazole and the hydrogen bonded 
complex involve protonation at the N3 position of imidazole, 
it was assumed that their ionization efficiencies were 
similar. Thus, the ratio of the peak abundances 
corresponding to the complex and protonated imidazole was 
used as the index of complex strength. This choice was 
further justified by the similar stabilities of the ion 
currents corresponding to the protonated imidazole and the 
hydrogen bonded complex exhibited in the cross scan report 
(figure 13). 
The ionization mechanism of neutral species in 
figure 13. Cross-scan report of the imidazole triphenyl phosphine oxide 
complex in NBA 
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FABMS has been the subject of controversy since the onset of 
the technique. Clayton and Wakefie1d 67 have proposed that 
interaction of the atom beam with the sample or matrix in 
the condensed phase could cause electron abstraction from 
the sample or matrix. If a radical cation [M+O] is formed 
from the sample, a quasi-molecular ion [M+H]+ can arise by 
hydrogen radical abstraction from a pratic matrix. Cooks 
et a1 68 have proposed an ionization mechanism for 
desorption methods. This mechanism involves ion-molecule 
reactions (i.e protonation) in the liquid-gas interface 
(selvedge). In the case of neutral species, the 
separability of the desorption and ionization events is 
proposed. 
Similarly, Budziekiewicz 69 and co-workers recently 
proposed that FABMS ionization occurs predominantly in the 
gas phase. The implication of this postulate is that the 
function of the matrix, in addition to transport of the 
neutral substrate into the gas phase, .is one similar to a 
chemical ionization reagent gas. Recent publications by 
Kebarle 70 , 71 point out the contribution of the gas phase 
basicities of matrices and analytes in the FABMS spectra of 
simple systems. 
Whether the imidazole-electron donor hydrogen 
bonded complex is ionized in the selvedge or in solution 
does not deter the fact that the FABMS data shows a good 
correlation with the expected strength of the hydrogen 
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bonded complexes. The expected strength of the hydrogen 
bonded complex is based on the electron density on the 
electron donor's oxygen atom. The electron density on th 
oxygen moiety would be expected to rise on going from 
benzophenone to triphenyl phosphine oxide. The order of 
H-bond strength as defined in FABMS by the ratio of the ion 
abundance of the protonated complex over that of the 
protonated imidazole is listed in table 8. 
It can be seen that the FABMS results agree well 
with the expected hydrogen bond strength which is Ph 3P=O> 
PhZS=O> PhZC=O> Ph 3 COH) Ph 20. 
B.3. Effect of concentration 
The effect of concentration on the abundance of the 
hydrogen bonded complex with respect to the abundance of 
imidazole was carried out for the triphenyl phosphine 
oxide-imidazole complex. As expected, the results (table 9) 
show the decrease of the complex abundance relative to the 
imidazole corresponding with the decrease in complex 
concentration. A plot of the ratio of the complex peak 
intenSity over that of the free imidazole versus the 
concentration of the complex gives a non-linear relationship 
(figure 14). The flattening of the upper portion of the 
plot can easily be rationalized. As the concentration of 
the complex increases, a monolayer begins to form at the 
67 
Table 8. H-bond strength in terms of the 
[complex]![free imidazole] ratio 
Complex Concentration [complex]/[Im] 
ph 3 P=O!Im 1. 26 0.28 
ph 2S=O/Im 1. 26 0.15 
ph 2 C=O/Im 1. 26 0.02 
ph 3 COH/lm <1.00* trace 
phZO/lm 1. 26 0.00 
* The solubility of the complex in NBA was limited 
68 
Table 9. Concentration study on the neutral triphenyl 
phosphine oxide-imidazole complex in NBA 
Complex Concentration Complex./free 
Ph 3 P=O/Im 0.08 M 0.17 
Ph 3 P=O/Im 0.42 M 0.20 
Ph 3 P=O/Im 0.84 M 0.26 
Ph 3 P=O/Im 1. 26 M 0.28 
1m 
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surface of the liquid matrix. This results in increased ion 
abundances of the analytes and suppression of the matrix 
spectrum. Further increases in concentration cause a 
redistribution of the analytes in a more tightly packed form 
until no further packing can occur. At this point (surface 
saturation), the measured ion abundances become relatively 
constant. Whether the ions are sputtered exclusively from 
72 the surface or whether there is a contribution from the 
bulk 73 of the solution has not been firmly established 74 • A 
75 
surface self-cleaning mechanism has been proposed. The 
lower [complex]![imidazole] values at lower concentration 
can also be understood in terms of more effective 
competition of the matrix for the imidazole and triphenyl 
phosphine oxide resulting in more extensive dissociation of 
the complex. 
B.4. Study of hydrogen-deuterium exchange in the 
complex 
The FABMS analysis of a deuterated 
imidazole-diphenyl sulphoxide complex showed rapid exchange 
of the deuterium atom which took part in the hydrogen bond 
1 
of the complex. The H nmr of the complex showed 
approximately 90% deuterium incorporation at the Nl 
position of the imidazole. FABMS analysis was carried out 
in normal NBA and dried NBA (4 angstrom molecular sieves 
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activated at 350°C). The FABMS spectrum of the complex in 
'normal'(wet) NBA showed approximately 9% deuterium 
incorporation in the quasi-molecular ion corresponding to 
the hydrogen bonded complex. The spectrum also showed that 
the intensity of m/z 70 was greater than the expected 13 C 
contribution from the imidazole quasi-molecular ion. This 
was probably due to the protonated monodeuterated imidazole. 
There was also evidence for the presence of imidazole with 
two deuterium atoms appearing at m/z 71. The M+2 intensity 
of NBA was slightly greater than the 13 C contribution to 
that peak. 
The FABMS spectrum in dried NBA was similar to that 
obtained with normal (wet) NBA. The main difference in the 
two spectra was a 23% decrease in total ion current when the 
'dry' NBA was used. Again, there was only about 9% 
deuterium incorporation the hydrogen bonded complex as shown 
by comparing the intensities of m/z 271 and m/z 272. There 
was no evidence observed in either spectra of the hydrogen 
bonded complex with two deuterium atoms. The above 
experiment shows that reduced water content showed no 
visible effect on the hydrogen-deuterium exchange in the 
hydrogen bonded complex. This result seems to indicate the 
possibility that most of the hydrogen deuterium exchange 
occurred with the liquid matrix. The significant decrease 
in ion current observed for the 'dry' NBA system indicates 
that water probably plays a part in the generation of 
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quasi-molecular ions. 
Similar experiments were attempted earlier in 
undried sulfolane. Doping a mixture of the undeuterated 
complex and sulfolane with various molar ratios of D20 
showed a higher level of deuterium incorporation in the 
quasi-molecular ions of the complex, the diphenyl 
sulphoxide, and the imidazole. This was probably due to the 
greater number and lability of the DZO deuteriums. 
Unfortunately, the sulpholane!D 2 0 mixture was too volatile 
in the mass spectrometer and the spectra too transient to 
provide reliable data. Given the speed and ease of hydrogen 
exchange in solution of hydrogens involved in hydrogen 
bonding, it seems reasonable to assume that a large part of 
the hydrogen-deuterium exchange took place in solution. 
The contribution of a gas phase mechanism cannot be ruled 
out, however. 
The hydrogen-deuterium exchange most likely 
occurred with the hydroxy moiety of the NBA (possibly helped 
by a catalytic amount of water). Contribution from the 
hydrocarbon hydrogens is unlikely or very small. L " 76 19on 
has obtained the FABMS spectrum of C-perdeuterioglycerol. A 
value of 3% deuterium incorporation in the quasi-molecular 
+ ion of glycerol (as [M+D] ) was reported. This value is in 
agreement with that obtained by McCloskey et al 77. 
Similarly, the positive ion FABMS of the nucleotide 
5'-iodouridine in C-perdeuterioglycerol showed no deuterium 
73 
incorporation in the quasi-molecular ion 78 • 
B.S. Pre-ionized and 1:2 complexes 
Given the higher sensitivity of FABMS for 
pre-ionized species, a 1:1 imadazole-electron donor complex 
which bore a formal charge was investigated. This was done 
simply by making the complex with imidazolium bromide 
instead of imidazole. The FABMS spectrum of the imidazolium 
bromide-triphenyl phosphine oxide complex (0.77 M in NBA) 
was very similar to its 'neutral' counterpart (0.84 M in 
NBA). At a similar (but lower) concentration, the charged 
complex spectrum showed seemingly greater suppression of 
matrix background (figure 15). The total ion currents were 
comparable. The main difference lied in the considerably 
higher % total ion current (2.4%) obtained in the 
pre-charged complex FABMS spectrum for the ion corresponding 
to the complex (m/z 347). The ion corresponding to the 
complex carried only 0.4% of the total ion current in the 
FABMS of the neutral complex. For the charged complex, the 
[complex]/[imidazole] ratio was 0.46 as opposed to 0.26 for 
the neutral complex. The reason for the higher abundance of 
the ion corresponding to the complex in the FABMS spectrum 
of the pre-ionized complex as opposed to the neutral complex 
is twofold. First, when the complex is pre-ionized it is 
bound to exhibit a higher FABMS sensitivity due to the fact 
60 
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figure 15. 
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FAB mass spectrum of the triphenyl 
phosphine oxide-imidazole complex in NBA at 
0.84 M (top) and of the imidazolium bromide-
triphenyl phosphine oxide complex at 0.77 M in 
NBA (bottom spectrum). 
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that it only requires to be des orbed to be observed. The 
efficiency of the ionization event does not really come into 
consideration. For the neutral complex, a comparatively 
greater amount of energy is required since its observation 
in the FABMS spectrum entails ionization and desorption. In 
this case, the efficiency of the ionization process 
(whatever it may be) is a governing factor. Second, the 
pre-ionization (protonation) of the neutral complex 
undoubtedly changes the strength of the hydrogen bond. The 
H-bond is probably stronger. This suggestion is 
substantiated by 31p nmr 79 (table 10). 31 The P chemical 
shift was 2.8 ppm to lower field for the charged complex 
compared to that of triphenyl phosphine oxide. For the 
neutral complex, the difference was slightly more than 1 
ppm. To insure that the shift observed for the charged 
complex was not due simply to the presence of a salt, the 
31 P spectrum of triphenyl phosphine oxide with one molar 
equivalent of tetra n-butyl ammonium iodide was obtained. 
No change in the chemical shift was observed. This result 
clearly shows the stronger H-bonding interaction in the 
charged complex as opposed to the neutral complex. The 
respective contributionsof these two factors(stronger H-bond 
and formal charge) to the abundance of the ion corresponding 
to the complex in the FABMS spectrum of the pre-ionized 
complex are not clear but are probably more or less 
additive. 
76 
Table 1D~. 31 P nmr data of :h 3 P=0 complexes (chemical shift 1n ppm from H3 P0 4 ) 
Compound 
Ph 3P=0-Imidazolium bromide 
Ph 3 P=0-Imidazole 
Chemical shift 
27.04 
29.82 
28.06 
27.08 
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A concentration study was carried out in the same 
concentration range as that of the neutral complex (table 11 
and figure 16). The shape of the line is the same as in 
figure 14. 
Because the observation of the imidazole-electron 
donor complex depended on protonation of the imdazole (most 
likely at the N3 position), a study of the complexes of 
imidazole with two electron donors was undertaken. This can 
easily be done since protonation of imidazole yields two 
equivalent hydrogen bonding sites. Thus, the synthesis of 
the complexes was carried out with imidazolium bromide. The 
1:2 complexes for Ph 2 S=O and Ph 3 P=O were observed but only 
at weak intensity. The intensity of the 1:2 complex was 
very weak but above the background and present in every 
scan. The intensity of the 1:2 triphenyl phosphine oxide 
adduct was more intense than that of the diphenyl sulfoxide. 
The FABMS spectra of the 1:2 complexes were qualitatively 
similar to the spectra of the 1:1 neutral complexes. The 
main difference was the enhanced abundance of the 1:1 
complex (in terms of [complex]/[imidazole]) of ph 2S=O and 
ph 3 P=O compared with those obtained in the FABMS of the 1:1 
neutral complexes. This is due in part to the higher FABMS 
sensitivity provided by the pre-formed ions. Also, the 
greater abundance of electron donor available to hydrogen 
bond in a 1:1 complex could result in a higher concentration 
of that complex stoichiometry. The enhancement of the 1:1 
Table 1,}. 
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+ -Concentration study of the Ph 3 P=O-ImH Br 
complex in NBA 
Concentration Complex/free 1m 
0.06 M 0.13 
0.29 M 0.23 
0.77 M 0.46 
1.13 M 0.56 
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figure 16. Plot of the concentration of triphenyl phosphine oxide 
imidazolium bromide complex against the 
[complex]/[free imidazole ratio • 
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complex could stem in part from the unimolecular 
dissociation of the 2:1 complex in the ion source. That is 
to say, the 2:1 complex could be desorbed intact from the 
surface of the target and undergo subsequent loss of one 
electron donor prior to accelaration to be detected as the 
1:1 complex. When the complex carried a formal charge as 
above, the effect on the total ion current were not 
significant. 
suppressed. 
However, matrix spectrum seemed more 
It seems that even though the contributions from 
the gas and condensed phases are not clearly separated in 
determining the appearance of the FABMS spectra of the 
neutral hydrogen bonded complexes of imidazole. The trend 
observed in hydrogen bond strength in the imidazole-electron 
donor series as obtained by FABMS is in agreement with the 
expected electron donor capability of the compounds used. 
Nonetheless, confusion between hydrogen bonding of the 
neutral or protonated species is difficult to resolve at 
this point. The use of cationic complexes alleviate this 
ambiguity as well as enhancing the sensitivity of FABMS to 
those complexes. It has been shown that extensive rapid 
hydrogen exchange involving the hydrogen bond goes on in the 
liquid matrix. The effect of complex concentration on the 
spectra is coherent although not linear. This can be 
attributed to the fact that a complex equilibrium was being 
sampled. This study indicates that it is possible to obtain 
81 
qualitative information on the hydrogen bond strength of 
some complexes. The study of the hydrogen bonding of 
pre-formed ions (anions or cations) should be 
straightforward although this condition greatly limits the 
applicability of the technique. A further use of FABMS for 
H-bonding would be to obtain the relative proton affinities 
of compounds normally intractable by mass spectrometry using 
80 Cooks' method • 
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C. Multiple Donor Systems 
C.l. Miscellaneous Systems 
As mentioned in the previous section, it was 
concluded that the use of cationic H-bonded complex has the 
advantage of enhancing the FABMS sensitivity of the complex 
being studied. Brown and Miller Sl have investigated the 
H-bonding of trialkyl ammonium and pyridinium halides to a 
series of electron donors. We have undertaken a parallel 
study of cationic H-bonding systems with multiple 
donor-acceptor capability. The basic idea behind the having 
more than one H-bond in the complex was to increase the 
stability of the complex through multiple H-bonding. 
The initial attempt in this direction was started 
with the bipyridyl ligand as electron donor and dimethyl 
ammonium chloride as the acceptor. It was hoped that both 
bipyridyl nitrogens could form hydrogen bonds with the two 
dimethyl ammonium N-H protons. The FABMS of the 'complex' 
gave the quasi-molecular ion of the bipyridyl ligand as the 
only significant ion. In order to reduce the distance 
between the nitrogen donors, 1,10-phenanthroline was used as 
the ligand. Reducing the distance betweeen the nitrogen 
donor atoms was thought to increase the posssibility of 
double H-bond formation. Complex synthesis was attempted 
but confirmation of H-bond formation by infra red could not 
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be obtained due to the presence of water. In fact all 
dialkyl ammonium salts suffered from this drawback. A trial 
run with high sample loading in NBA of the 
1,10-phenanthroline-dimethyl ammonium chloride complex gave 
a weak peak corresponding to the cationic complex. The weak 
complex observed in the FABMS could be due to the fact that 
a double hydrogen bond was not formed. The rigidity of the 
phenanthroline ring would require a rather exact fit of the 
N-N and H-H distances. 
C.2. Sulfone Systems 
Because of the proximity of the two oxygen donor 
sites to one another and the favorable six membered ring 
configuration that would result if double H-bond formation 
occured with the dialkyl ammonium cation, sulfones were 
investigated as 'double' donors. A complex synthesis was 
attempted with tetramethylene sulfone and dimethyl ammonium 
chloride. No complex formation was observed as the two 
compounds seperated after the solvent had evaporated under 
vacuum. However, a diphenyl sulfone-dimethyl ammonium 
chloride complex seemed to be formed as the FABMS spectrum 
of the complex in NBA (0.6 M) showed a significant peak 
corresponding to the complex at m/z 264 and carrying 2.2% of 
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the total ion current. The base peak of the mass spectrum 
was the dimethyl ammonium cation at m/z 46. The 
quasi-molecular ion of the diphenyl sulfone appeared at m/z 
219. A small peak corresponding to the dimethyl 
ammonium-NBA adduct (presumably H-bonded) was present. The 
+ -[(CH3)2NH2 ]2C1 ion due to electrostatic clustering of the 
type [M+] X- 1 where M is the cation and X is the counter 
n n-
ion. The scheme in figure 11 represents the possible 
equilibria. This scheme only takes into account the species 
observed in the FABMS spectrum of the diphenyl sulfone 
complex. 
A concentration study was undertaken to see how 
the ion corresponding to the complex varied with 
concentration (table 1Z). The % total ion current carried 
by the complex increased with increasing concentration as 
expected. As with other systems, the matrix background and 
adduct peaks decrease with increasing concentration (figure 
18). This was also true with respect to the 
[complex]/[Ph 2 SO ZH+] ratio. The reasons behind the 
relatively high stability of this complex (presumably 
H-bonded) are possibly threefold. First, cationic H-bonds 
are usually stronger than neutral ones. Second, the 
possibility of forming two H-bonds instead of one could 
increase the complex stability. Third, if the 'double' 
H-bond forms, the resulting six membered cyclic structure 
should bring added stability to the complex. It is not 
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Table 12. Concentration study with the diphenyl sulfone 
dimethyl ammonium chloride complex 
Concentration (MIL) 
0.06 0.16 
0.16 0.37 
0.61 0.72 
1. 07 0.91 
Figure 17. 
[Am+ 2X-]+ 
Schematic equilibria between diphenyl sulfone and 
the amine salt in NBA 
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Figure 18. FAB mass spectrum of the diphenyl sulfone 
dimethyl ammonium chloride complex at 
concentrations of 0.61 M (top) and 
0.16 M (bottom). 
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possible at this point to verify the formation of a 'double' 
H-bond in this system. 
The stability of the complex ( i.e the fact that 
it is observed in FABMS) is surprising given the consistent 
claims in the literature concerning the weak hydrogen 
82 83 84 bonding properties of sulfones ' , • The premise that 
the complex is held by H-bonding was supported by the 
drastic reduction in the complex ion intensity (0.1% total 
ion current) when a stronger H-bonding matrix such as 
glycerol was used. The use of a stronger H-bonding matrix 
should interfere with the observation of a H-bonded complex. 
The lesser H-bonding capability of diphenyl 
sulfone with respect to other electron donors was 
demonsrated in a competitive study with triphenyl phosphine 
oxide. In the first system, the diphenyl sulfone-dimethyl 
ammonium chloride complex was mixed in a 1:1 molar ratio 
with triphenyl phosphine oxide in NBA. The triphenyl 
phosphine oxide-dimethyl ammonium complex appeared at m/z 
324 as more than 10% of the base peak. The diphenyl sulfone 
complex was not observed above the background noise. In an 
another competitive system, triphenyl phosphine oxide, 
diphenyl sulfone, and pyridinium iodide were mixed in a 
1:1:1 molar ratio. Again, a strong triphenyl phosphine 
oxide-pyridinium complex was observed but no diphenyl 
sulfone complex. 
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The effect of the counter ion was investigated 
with the dimethyl ammonium iodide-diphenyl sulfone complex. 
As expected, the ion abundance of the complex was enhanced 
relative to that of the chloride salt. Because the cluster 
+ - + ion [(MeZNH Z )2I] was isobaric with the diphenyl sulfone 
quasi-molecular ion, the m/z 219 peak was deconvoluted 
using the known isotopic contributions of each ion. The 
[complex]/[Ph 2 S0 2H] ratio was 1.0 and 0.7 at 0.6 M for the 
iodide and chloride, respectively. This can easily be 
rationalised in terms of the H-bonding ability of the anion. 
With a stronger H-bonding anion, a comparatively smaller 
amount of the dimethyl ammonium cation will be capable of 
H-bonding to the diphenyl sulphone. These results correlate 
with those of Brown and Miller 81 • 
The complexes of diethyl ammonium chloride and 
diisopropyl ammonium iodide with diphenyl sulfone were 
analysed by FABMS at a concentration of 0.6 M in NBA. The 
results indicate a significant decrease in the ion abundance 
of the peak corresponding to the complex compared with the 
dimethyl ammonium chloride complex. As the size of the 
alkyl chain on the ammonium salt increased, the ion 
abundance of the respective complexes decreased in terms of 
% total ion current (table 13.). The FABMS spectrum of the 
di-isopropyl ammonium iodide-diphenyl sulfone complex in 
figure 19 illustrates this well. It can be seen that the 
ion due to clustering of the salt at m/z 331 is much more 
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Table 13. + + [complex 1/[Ph 2 S0 2 H ] ratio for various 
amine salts 
Amine salt ratio % TIC of complex 
Me 2NH 2Cl 0.72 2.9 
Me 2NH 21 1. 00 3.1 
Et 2NH 2Cl 0.61 2.2 
(i-Pr)2 NH 21 0.28 0.6 
Imidazolium iodide 0.61 2.4 
Pyridinium bromide 0.60 2.3 
102 
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Figure 19. FAB mass spectrum of the dipheny1 sulfone 
di-isopropy1 ammonium iodide complex at a 
concentration of 0.6 M 
+ -[(i-pr)ZNH Z 11 
[(i-pr) NH ---Ph SO ]+ Z Z Z Z 
~ 
331 
1 
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abundant than that due to the complex. This could be 
interpreted as a measure of the amount of uncomplexed 
ammonium salt. In order to see if the ability of the 
hydrogen bond acceptor to form more than one H-bond was a 
significant factor, complexes that could only be held by a 
single H-bond were made with pyridinium iodide and 
imidazolium iodide. 
After failing to observe a complex ion for 
dimethyl sulfone and dimethyl ammonium chloride, solution 
infrared spectra were obtained in dry acetonitrile for 
dimethyl ammonium chloride, diphenyl sulfone, and the 
corresponding complex. No band shifts for either the N-H 
stretch or the s-o stretch were observed in the solution 
infrared spectra of the complex relative to the spectra of 
dimethyl ammonium chloride and diphenyl sulfone. This 
could be due to the use of a polar solvent which could 
interfere with H-bond formation. Ruostesuo 83 has studied 
the H-bonding properties of diphenyl sulfone in CCl 4 and 
reported that sulfones form consistently weaker H-bonds than 
sulfoxides, as expected. It has been reported that 
tetramethylene sulfone forms a weak H-bonded adduct with 
84 phenol There is no study of the H-bonding of sulfones 
where a 'double' H-bond is possible. Due to the ionic 
nature of the compound, it was not possible to use a less 
polar solvent to attempt to observe the H-bond. 
The question then arises; is the origin of these 
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complexes in large part or entirely a gas-phase phenomenon? 
The question is central to the origin of quasi-molecular 
ions in FABMS and is part of ongoing efforts to elucidate 
more clearly the basic mechanisms in this relatively new 
technique. It should be stressed that to speak of 'gas' 
phase behavior and 'solution' behavior in FABMS is difficult 
since the region right above the matrix (the selvedge) where 
many recombination processes may take place is neither a gas 
nor a liquid. The positive ion ammonia chemical ionization 
spectra of diphenyl sulfone and sulfolane both show the 
+ [M+NH41 ] adduct as the only significant peak. Nonetheless, 
the gas phase origin of the complexes of this particular 
system seems coherent with some findings in ammonia chemical 
ionization. In a recent review85 , Westmore and Alauddin 
cited three factors that could affect the amount of [M+NH 4 ]+ 
adducts (presumably H-bonded) present in positive ion NH3 
chemical ionization spectra. These are: the proton 
affinity of analyte, the site of protonation, and the 
presence and configuration of a bifunctional group in the 
analyte. 
The proton affinity (PA) of the analyte (M) 
defines what the [M+NH4 ]+/[M+H]+ ratio will be. Thus, when 
PA(M)<PA(NH 3 ) the adduct to quasi-molecular ion ratio is 
high. When PA(M»PA(NH 3 ) both [M+NH 4 ]+ and [M+H]+ can be 
anticipated with the ratio decreasing with increasing PA(M). 
But if M is much less basic than NH 3 , The [M+NH 4 ]+ complex 
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is formed with little excess energy. However, the 
dissociation energy of the complex is also quite low so that 
the [M+NH 4 ]+/[M+H]+ will be low. In our case the site of 
protonation is assumed to be the sulfone oxygens and is thus 
constant throughout the series. The effect of the presence 
of a bifunctional group and its configuration on ammonia 
chemical ionization spectra has been shown by Stahl 86 in the 
case of some cyclic diols. For example, both cis and 
trans-l,2-cyclopentanediol exibited abundant [M+NH 4 ]+ ions 
due to the fact that it is possible for both of them to 
attach and stabilize the ammonium ions in structures with 
linear H-bonds where both hydroxy moieties are involved. 
The [M+H]+ peaks were two orders of magnitude smaller. 
The present system is more complex for three 
reasons. First, the dialkyl ammonium cations are not 'free' 
as they can be solvated by the matrix or held in ion pairs 
by their counter ion thus preventing complex formation. 
Second, the steric factors are more important as the 
smallest cation has two methyl groups and two protons 
instead of just four protons for the ammonium ion. Third, 
in some cases the possibility of forming the 'double' 
hydrogen bond could be a stabilizing factor. Dialkyl and 
trialkyl amines have been used as chemical ionization 
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reagents for flavones but the structural complexity of the 
analytes and the fact that ion source conditions were not 
constant does not allow one to draw conclusions from the 
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Figure 20. Possible configuration of the NH4+ adducts of 
cis- and trans-l,2-cyclopentaned~ol 
TRANS 
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+ + data. Table 13 gives the [complex ]/[Ph 2S0 2H ] ratio for the 
various ammonium salts. 
As mentioned earlier, the higher ratio for the 
dimethyl iodide as opposed the chloride is consistent with 
the greater H-bonding ability of the chloride resulting in 
less 'free' dimethyl ammonium cation. The difference 
between the dimethyl, diethyl, and di-isopropyl ammonium 
halides can be rationalized in terms of steric hindrance. 
Even though the di-isopropyl ammonium cation has the highest 
proton affinity and the weakest H-bonding anion, it has by 
far the greatest steric hindrance. Dimethyl amine and 
pyridine have virtually identical proton affinities and low 
steric hindrancce for H-bond formation. Yet dimethyl 
ammonium has a higher complex to diphenyl sulfone 
quasi-molecular ion ratio than the pyridinium despite the 
fact that the pyridinium has a more favorable cation-anion 
combination for complex formation with the sulfone. This 
can be explained in terms of the possibility of 'double' 
H-bond formation for the dimethyl ammonium ion which would 
increase the stability of the complex. On the other hand, 
the pyridinium ion does not have that capability. The fact 
that diphenyl sulfone forms + an abundant adduct ion with NH4 
and virtually no [M+H]+ in the positive ion ammonia chemical 
ionization spectrum is an indication that its proton 
affinity is significantly lower than that of ammonia. 
Hence, diphenyl sulfone is much less basic than the amines 
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used in this study so that increasing proton affinities of 
+ the amine will result in less [Ph2S0Z--H2NRZ1 being 
observed in the FABMS spectrum. 
To conclude, the evidence at hand does not allow 
one to conclude that FABMS reflects the solution behavior of 
the system. + + The magnitude of the [complex ]/[PhZSOZH ] 
ratio can be rationalized qualitatively by using the 
following factors: strenght of cation-counter ion 
interaction, absence or presence of the possibility for the 
ammonium cations to form a 'double' H-bond, and finally 
steric hindrance factors. It is also difficult to interpret 
the effect of proton affinities given the strong influence 
of other factors. The competitive experiments indicate that 
the diphenyl sulfone-dimethyl ammonium complex is weaker 
than that with triphenyl phosphine oxide. 
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D. Conclusion 
It has been shown that FARMS has good potential for 
the study of condensed phase systems. The FARMS results 
obtained for the tdoha-alkali metal halide system correlated 
qualitatively with those in the literature 56 (obtained by 
potentiometry). The only disagreement concerned the affinity 
of tdoha for the lithium cation but this discrepancy was 
found to be consistent with the difference in solvent 
systems. When a more analoguous solvent system 
(glycerol/water) was used in FARMS, There was better relative 
agreement with the potentiometric values. 
The FARMS spectra of the H-bonded 
imidazole-electron donor complexes were found to agree with 
the expected order of H-bond strenghts. The influence of the 
H-bonding ability of the matrix liquid on the complex 
abundance was demonstrated. The imidazolium 
bromide-triphenyl phosphine oxide complex was shown to be 
stronger in the FARMS spectra than its neutral counterpart. 
This result was supported by phosphorus-31 nmr. 
Although it was not possible to ascertain whether 
FARMS truly reflected solution chemistry, the value of the 
+ + [complex J/[Ph ZS0 2H ] ratio was consistent with certain 
qualitative considerations such as steric hindrance and 
strength of ion pairs. The FARMS results from the 
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competitive systems was consistent with studies showing that 
h 1f f k H b d h h h o °d 88 t e su ones orm wea er - on stan p osp ~ne ox~ es • 
The use 15N nmr would be interesting since all the 
compounds studied were nitrogen containing. However, the 
technique is not straightforward but would be useful in 
providing additional data on the systems investigated. The 
fact that the contribution of solution or gas phase 
ionization mechanisms in FABMS have not been resolved limits 
the conclusions one can draw from the spectra. This implies 
a certain amount of caution in interpreting FABMS results. 
The trend in the literature at this point is to rationalize 
FABMS processes along the lines of gas phase behavior. This 
is hardly surprising since fundamental research in mass 
spectrometry is carried out by 'gaseous ion' chemists. 
89 Nonetheless, the author prefers the approach of Fenseleau 
and Cotter which acknowledges the existence of multiple 
mechanisms of ion formation in FABMS and that the 
contribution of those mechanisms is largely system 
dependent. However, this does not prevent one from 
obtaining a qualitative image of solution processes from 
FABMS provided data interpretation is cautious and 
preferably supported by another method. 
The difference in solvent systems used in FABMS as 
opposed to other methods (IR and nmr, for example) for the 
study of solution processes is a significant limitation in 
terms of data comparison since both qualitative and 
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quantitative aspects of the FABMS spectrum are influenced by 
the solution chemistry of the liquid matrix. The use of 
continuous flow probes may alleviate this drawback by 
allowing the use of more volatile and more common solvents. 
Cook and Todd have recommended that matrices be 
characterized by their dielectric constants and have started 
to measure and tabulate these physical constants for the 
most popular matrices. The increased availability of 
physical data on liquid matrices should enhance our 
understanding of FABMS processes and lead the technique from 
an empirical to a more systematic approach. Although the 
initial optimism which originally greeted FABMS has been 
somewhat dampened by a more critical look at the limitations 
of the technique, there is no doubt that the potential of 
investigating the dynamics of the condensed phase with a 
technique that analyses gaseous ions broadens the field of 
mass spectrometry into a new and exciting area. 
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Appendix I 
The FAB mass spectra of the tdoha-alkali metal 
halide saturated solutions 
Salt 
LiCl 
LiCl 
LiBr 
NaCl 
NaI 
KF 
KCl 
KBr 
KI 
RbF 
CsF 
CsCl, NaF 
A2 
FAB of LiCl/tdoha saturated solution 
515LCL.l [TIC=397360. 100~=110804] EI 
1~:J G0 
70 
613 
;:j 
20. 
113 
{21 I I 
! : I i 
350 
372 
I. 
i if' i i J J i i 
400 
i J i i 
(C 6 H13 N0 2 )Li+ 
138 
IONISATION, F~B 
NO. PE~KS, '1S 
BASEf~R EF tNT, 110804./ 110804. 
nco 397:%0. 
MASS RA~GE, 30 - bSi 
PE~K MEASURED NO. ABSOLUTE :t 'LNi. 
NO. MSS POINTS INTENSITY BASE 
4 37~ 21 1329. i.2 
5 373 2i 1278. 1.2 
& 372 35 3842. 3.5 
8 358 29 1432. 1.3 
9 34S 21 11SI. U 
10· 344 os 5037. 4.5 
12 332 35 2946. 2.7 
13 331 43 19410. 17.S 
14 330 Sl mS04. 100.0 
15 329 U 10128. 9.1 
16 328 35 3352. 3.0 
17 3::!4 35 3455. 3. \ 
18 323 25 20a8. 1.9 
19 322 43 12%2. 11.3 
20 316 2S 1179. 1.1 
21 314 25 1424. \.3 
23 298 29 211S. 1.9 
25 286 29 32~4. 2.9 
26 278 25 1530. 1.4 
27 272 21 i190. 1.1 
29 270 29 1924. 1.7 
31 254 35 2137. 2.5 
32 249 25 1270. 1.1 
33 248 43 9178. 8.3 
35 24t 25 1460. 1.3 
37 235 29 2448. 2.2 
39 234 43 26363. 18.4 
40 232 29 2336. 2.1 
42 226 21 lHb. 1.0 
44 196 2S 1662. LS 
45 190 2S 1225. 1.1 
46 188 29 1547. 1.4 
47 180 2S 1192. 1.1 
48 174 25 1243. 1.1 
52 158 29 2458. 2.2 
53 lS. 2<; 1162. \.0 
54 152 21 1159. 1.0 
SS 14& 25 1430. l.3 
56 144 29 2403. 2.2 
57 139 29 2009. Le 
58 138 43 18802. 17.0 
S9 137 25 1762. 1.6 
60 132 25 15 ••. 1.4 
62 114 25 ms. 1.5 
&b 100 25 1791. Lb 
61 98 21 lHO. U 
&9 94 25 1248. U 
71 86 25 1579. 1.4 
12 84 25 1207. 1.1 
74 82 25 1634. I.S 
7& 72 29 1929. \,7 
77 71 29 2208. 2.0 
78 10 29 2102. 1.9 
SO 60 21 1398. 1.3 
81 59 51 40S92. 3q 
1 iii 
(tdoha)Li+ 
264 
% INT. I TOT. 
NREF ION 
1.2 0.3 
1.2 0.3 
3.5 1.0 
1.3 0.4 
1.0 0.3 
~ .5 1.J 
2.7 0.7 
17.5 4.9 
m.o 27.9* 
9.1 2.5 
3.0 O.Sl 
3.1 0.9 
1.9 0.5 
11.3 3.2 
1.1 0.3 
1.3 0.4 
1.9 0.5 
2.9 0.8 
1.4 0.4 
.1 0.3 
1.1 O.S 
2.S 0.1 
1.1 0.3 
8.3 2.3 
1.3 0.4 
2.2 0.6 
18.4 S.l 
2.1 0.6 
1.0 0.3 
1.5 0.4 
1.1 0.3 
1.4 0.4 
1.1 0.3 
1.1 0.3 
2.2 0.& 
U 0.3 
1.0 0.3 
1.3 0.4 
2.2 0.& 
1.8 O. S 
17.0 4.7 
1.6 0.4 
1.4 0.4 
1.5 0.4 1... 0.5 
1.0 0.3 
1.1 0.3 
1.4 0.4 
1.1 0.3 
1.S 0.4 
1.1 0.5 
2.0 0.6 
1.9 0.5 
1.3 0.4 
3&.6 10.2* 
I! i i 
650 
! 
330 
A3 
FAB of LiCl/tdoha saturated solution 
SB30.1 [TIC=405872, 100~=112288] El 
100 ~~0 ::~ il",;:dOOOIL" 
?nl . 
'.:.1 
b~J l' 
::j I 
~:J 1,234 ~~l 
1I3J 248 __ . '~''::Tf ~,,'.' 
I · .:>~,'''.' ',·'HI-. ")q';:) I If! .;;.q,,} .• ~ - ';'7'~' [i I! "- I Y..' ~ - - "-.' \.' I ,Ii I .3 h H '.' I ~ 
I j f j f Iii Ii r f I J I !'i, I ! i j I j i D j i,l f j II [j J I j f j i! It-! j iiI I t I i l't ill iii [I i i j iii i r::-,7 i if Iii l-! i I I i 
~20 ~40 260 280 ~00 320 340 ~60 ~80 
5'~ 
I 1:38 45 
J8NI~W~N' F~~ LICL IH TDA-l SAT 
BASEiNREF INT, 112288 J 112288, TIC, 405872. 
MASS RANGE, 30 - 374 
RETN TIME/MIse, 0, 0/ 0/ 0/ 0 PAGE 1 
PEM( MEASURED NO. ABSOLUTE % INT. % INT. % TOT NO. MASS POINTS INTENSITY BASE NREF ION 
6 344 29 5823 S .2 5.2 1.4 9 331 35 19524 17.4 17.4 4.8 10 330 43 112288. 100.0 1000 27.7 11 329 35 10150, 9,0 9,0 2.5 IS 322 35 13144. 11. 7 11.7 3.2 26 248 35 8510, 7,6 7,6 2.1 31 234 35 2875S, 25.6 25.6 7,1 46 138 35 22620. 20,1 20.1 5,6 6S 59 43 37951. 33,8 33,8 9.4 68 56 29 5996, 5.3 5,3 15 7i 45 35 6320. 5,6 5,6 1.6 77 31 35 6842, 6,1 6,1 1.7 
A4 
FAB of LiBr/tdoha saturated solution 
S03SB2.1 [TIC=2485696, 100~=1120640] El 
(tdoha)Li+ 
A5 
FAB of NaCl/tdoha saturated solution 
lSTEVE.l [11C=26@7232, 100\=434976] EI 
I I! ! 
'45~1 
, i ! I i 
'650 
\2:34 
I 
DPOdSTEVE.MS 
SCAN, L 2/ 3/86 17,30 
IONISATION, FAB TDA-l/HACL SAT. 
NO. PEAKS, 197 
BASElNREF INT, 
TIC; 2607232. 434976. / 434976. 
MASS RANGE, 30 - 646 
RETN TIME/MIse, 0, 
PAGE 1 
0/ 01 01 
PEAK MEASURED NO. ABSOLUTE ;( INT. % INT. • TOT. NO. MASS POINTS INTENSITY BASE NREF ION 
14 424 21 577 . U 0.1 o .0 
IS 423 21 570. 0.1 o .1 0.0 
16 412 2S 1332. 0.3 0.3 o .1 
17 382 2S 786. 0.2 0.2 0.0 
18 380 21 602. O. \ 0.1 o . 0 
19 369 21 492. O. I O. i 0.0 
20 368 29 2238. o .S OS o .1 
21 366 21 644. O. i 0.1 0.0 
22 354 25 878. ll.2 0.2 o .0 
23 352 29 1302. 0.3 0.3 0.0 
24 3S1 21 697. 0.2 0.2 o . 0 
2S 350 35 2644. 0.6 0.6 O. I 
26 348 21 691. n .2 0.2 o .0 
27 347 or _0 9\3. 0.2 0.2 0.0 
28 346 35 5755 . \.3 1.3 \) .2 
29 341 29 2709. 0.6 0.6 O. I 
30 340 35 15877 . 3.7 3.7 0.6 
'31 339 29 1635. 0.4 0.4 o .l 
32 338 35 8706. 2.0 2.0 0.3 
33 337 35 3327. 0.8 0.8 O. I 
34 336 35 15893. 3.7 3.7 0.6 
3S :ns 25 959. 0.2 0.2 0.0 
36 334 29 1769. 0.4 0.4 0.1 
38 325 43 24436. S.6 5.6 0.9 
39 324 71 146192. 33.6 33.6 S.6 
40 323 59 58138. 13.4 13.4 2.2* 
41 322 103 295648. 68.0 68.0 ii.3* 
62 278 43 2241. 7. S.2 S.2 0.9 
77 .248 71 153832. 35.4 35. ; s.n 
84 235 51 55714. 12.8 12. a 2. I 
85 234 103 43-\976. 1000 100.0 10.n 
87 232 43 46562. 10.7 10.7 1.8 
123 158 43 24919. 5.7 5.7 1.0 
130 144 43 36501. 3.4 8.4 1.4 
134 132 43 23073. r ., 0.0 5.3 0.9 
181 59 87 3ii696. 71. 7 71.7 in* 
A6 
FAB of NaI/tdoha saturated solution 
100 CQ ~:] 1,.,'-'" 
~~'I' 61::.1 
.., 
S~) I 
4121l 
:O::8J 
+ (tdoha)Na 
:346 
336 
2::~:31 145 1 t·1 l t -- .. 14 
"::' I I 1'1' ~ / ~j 84 1 00 1 1 4 1 32 I' 4 1 54 1 74 1 B 8 
o ,'1 II j III I I I " It, I I'!', iii!! i ,111I11, iii' I! 11\ i 1111I111111111 , Ii! I j i i I1II1I t I I II t I, II [00 
~0 :0 sa . 100 120 140 160 180 ~00 
lONlSATlDfh F,\B 
NO. PEAKS, 48 
BASEINREF lNT, 2&977./ 2&977, 
TIC, 1~9908, 
MASS RANGE, 31 - 360 
PEAK MEASURED NO ABSOLUTE tINT, ;( INT, ;( TOT. 
NO. HASS POINTS INTENSITY BASE NREF ION 
1 
2 
3 
4 
5 
6 
7 
9 
9 
16 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
36 
31 
32 
33 
34 
35 
36 
37 
38 
39 
46 
41 
42 
43 
44 
45 
46 
47 
48 
360 
347 
3<16 
338 
337 
336 
325 
324 
323 
,"0 
278 
262 
249 
248 
246 
235 
234 
232 
202 
190 
188 
174 
160 
1S8 
151 
146 
144 
132 
ii4 
100 
86 
84 
82 
73 
72 
71 
70 
59 
58 
57 
56 
55 
45 
44 
43 
42 
41 
31 
21 
25 
35 
21 
17 
35 
17 
3S 
29 
43 
25 
21 
21 
35 
21 
'" 43 
29 
25 
21 
17 
25 
2S 
25 
25 
29 
29 
25 
21 
29 
21 
29 
21 
21 
21 
29 
3S 
43 
43 
25 
3S 
25 
43 
2S 
3S 
29 
29 
3S 
1448. S.4 
1477. 5.5 
738&. 274 
1078. 4.0 
829. 1.1 
3027. ii.2 
1045. 1.9 
5032.- 18.7 
2198. 8.1 
10339. 38.3 
\359.5.0 
1079. U 
1292. 4.8 
8082. 30.0 
1426 5.3 
240\ 8.9 
1&845. &2.4 
21&5. 8.0 
1356. 5.0 
1290. 4.8 
130& 4.8 
1291. ,I. 8 
1125. 4.2 
1522. 5.& 
1833. 6.8 
!B6b. 6.9 
1977. 7.3 
1712. b.3 
127b. 4.7 
190&. 71 
957. 3.5 
1363. S.I 
877. 3.3 
1097. U 
888. 3.3 
1409. 5.2 
2072. 7.7 
26977. 100.0 
3083. li.4 
1497. 5.5 
4iiS. 15.3 
12&5. 4.7 
5233. 19.4 
1216. 4.5 
2398 8.9 
2&51. 9.8 
1828. 6.8 
3992. He 
~:~ 
27.4 
4.0 
3. I 
11.2 
3.9 
\8.7 
8.1 
38.3 
5.0 
U 
4.8 
30.0 
5.3 
8.9 
&2.4 
8.0 
5.0 
4.8 
4.8 
~.3 
4.2 
5.b 
6.8 
6.9 
7.3 
&.3 
4.7 
7.1 
3.5 
S.l 
3.3 
U 
3.3 
S.2 
7.7 
100.0 
Ii. 4 
5.5 
15.3 
4.i 
19.4 
.\.5 
8.9 
9.8 
&.8 
11.8 
1.0 
\.0 
4.9 -
o .7 
O. & 
2.0 
0.7 
3.4-
i.S 
&.9 
0.9 
0,7 
0.9 
5.4 
i. 0 c-
1.& 
11.2 -1.4 
0.9 
0.9 
0.9 
0.9 
0.8 
1.0 
1.2 
1.2 
1.3 
1.1 
0.9 
1.3 
0.6 
0.9 
0.6 
0.7 
O. & 
o.n 
1.4 
18.0 
2.ll 
\.0 
2.7 
o .8 
3.5 
0.8 
1.6* 
1.8 
1.2 
2.7 
A7 
FAB of KF/tdoha saturated solution 
SlSKF.l [TIC=1937024~ 100\=286096J El 
+ (tdoha)K 
IONISATIOH, FAB 
NO. PE~KS, 168 
BASE/NREF INT, 2860%./ 
~l.gs RANGEi937~~4~ 646 
PE,,! 
tiO. 
2 
22 
28 
30 
33 
3. 
35 
36 
37 
38 
39 
41 
~3 
48 
50 
51 
53 
58 
60 
62 
64 
65 
66 
67 
69 
70 
71 
n 
73 
?~ 
81 
83 
85 
MEASURED NO. 
rifiSS POIN rs 
bitS 29 
3b2 3S 
33£ 3'; 
336 JS 
326 "JQ 
325 43 
32·\ S9 
323 59 
322 87 
321 43 
320 35 
308 35 
306 35 
292 35 
290 35 
220 3S 
278 43 
264 35 
262 43 
260 3S 
249 43 
248 59 
247 35 
246 43 
236 35 
235 51 
234 87 
233 43 
232 51 
220 3'; 
218 35 
216 35 
204 35 
202 43 
286096 . 
AI:SOLLlTE ~ INT 
INTENSITY BASE 
3~7L 1. 2 
4389. - 1.5 
6275. ') 1 
12090. 4:2 
r?~· 1. 0 LSoo. 6.S 
112356. - 39.3 
43142. i5.2 
219980. 76.9 
11314 4.0 
6153. 0 0 
3926. 1:4 
33i7. 1.2 
99613. 3.5 
3721. I. 3 
3304. I. 2 
15674. 5.5 
4801. 1.7 
8425. 2.9 
3669. 1.3 
15539. 54 
109388. 38.2 
5845 2.0 
12392. 1.3 
4690 ,~.6 
3';960. loo.9 
286096. 100.0 
59,\3. 2.1 
34219. 12.0 
49SI. I. 7 
5387. I. 9 
3183. 1.1 
,,283. 1.8 
10375. 3.6 
1441SS 
, 'r'l, 11 II d t I J1 i r I ! I t I 
7. INT 
NREF 
, 0 
is 
~j 
i.~ 
6.5 
39.3 
IS .1 
7b.9 
'\.6 
2.2 
U 
1.2 
3.5 
1.3 
1.2 
S.5 
i.7 
2.9 
1.3 
1~j 
2.0 
4.3 
1.6 
\:0.9 
100.0 
o ' i2: G 
1.7 
1.9 
i.I 
1.8 
3.6 
Z TOT 
1m! 
15(1 
0.2 
0.2 -
0.3 
0.6 
0.1 
1.0 
~.~* 
" ., .. * 
i1.4* 
0.6* 
0.3 
o .2 
0.2 
0.5 
0.2 (} .2 
0.8 
0.2 
0.4 
0.2 
0.8 
S . .'of 
0.3 
o .6 
0.2 
1.9 
14.8* ~ 
0.3 
1.8 
0.3 
0.3 
0.2 
0.3 
o .5 
~f "; i! .
c'0~:; 
87 
89 
91 
94 
96 
93 
102 
104 
107 
i08 
109 
113 
115 
1i7 
121 
123 
125 
126 
128 
130 
132 
133 
134 
135 
136 
\37 
138 
\39 
141 
143 
144 
145 
i46 
H7 
148 
119 
152 
153 
154 
I 
I 
I 
2:34 
I I 
! t ~I !C. 4'3 
; I~ II, ! ; I I t i 
25(1 
200 
190 
188 
i76 
174 
172 
160 
158 
i46 
i45 
144 
132 
130 
128 
1i4 
IlZ 
103 
102 
100 
98 
96 
94 
89 
38 
87 
86 
85 
84 
82 
H 
72 
71 
70 
69 
68 
60 
59 
~~ 
29 
41 
43 
35 
43 
35 
43 
43 
43 
3S 
43 
43 
43 
3S 
43 
'0 43 
35 
·13 
43 
35 
35 
35 
35 
43 
43 
51 
51 
35 
ti 
59 
59 
51 
43 
35 
43 
71 
59 
2620. 
.\1524. 
9073. 
4619. 
\li41. 
5022. 
8888. 
18694. 
12757. 
3071. 
24457. 
15§~2 
10".0/ 
3379. 
12636. 
6437 
79·16. 
48i3. 
i5iB8. 
84'i0. 
2953. 
4186. 
4414. 
3123. 
5912. 
10480. 
SQSi. 
9797. 
-InZ. 
4326. 
3915. 
10230. 
14230. 
16682. 
4220 
3026. 
8447. 
240252. 
31640 
0.9 
3.7 
3.2 
1.6 
4.1 
l.8 
3. i 
6.5 
4.5 
\.\ 
8.5 
5.6 
3.6 
1.2 
4. <\ 
2.2 
2.8 
1.7 
5.3 
3.0 
1.3 
i.5 
1.5 
I.l 
2. i 
3.7 
i.8 
3.4 
1.7 
1.5 
1.4 
3.6 
5.0 
5.8 
1.S 
l.l 
3.0 
84.0 
ii 1 
0.9 
3.7 
3.2 
1.6 
4.1 
1.8 
3.1 
6.5 
4.5 
Ii 
8.5 
5.6 
3.6 
i.2 
4.4 
2.2 
2.8 
1.7 
5.3 
3.0 
1.0 
l.S 
1.S 
l.i 
2. i 
3.7 
i.8 
3.4 
1.7 
1.5 
1. '\ 
3.0 
S.O 
5.8 
1.5 
l.i 
3.0 
84.0 
H< 
O:f 
o. s 
O.S 
0.2 
0.6 
0,3 
O.S 
\.0 
0.7 
0.2 
1.3 
0.8 
0.5 
0.2 
0.7 
0.1 
0.4 
0.2 
0.8 
0.4 
0.2 
0.2 
0.2 
0.2 
0.3 
0.5 
0.3 
0.5 
0.3 
O. :2 
a. 2~ 
O. S 
0.7 
0.9 
0.2 
0.2 
0.4 
12.4* 
< , 
A8 
FAB of KCl!tdoha saturated solution 
3STEVE.l [1IC=5027328, 100\=818624] El 
100 59 
9111 
- ---1 
EBJ 
['fj i 
--. 
60 i 
C'71-1 
.,~. o:~ --1 
~ ,-~ I 
'1'10':'11 JOl 2€1~J ::~ i ! 
10J 'I' .- .'~ 4'::.J 71~ ; ,-.,-. 14,' 4' 
- i I I ]j \ I "-' .' ,'HJ i 
;;1..l . f T~I .... "p_, . .,1, II . II <l II .,. II ! Ii\::- .! 1. 1 1 (; t ~, i t [~, i! : i ! t ! I 
' .. ' ~:, '1 I':! I':! 1 S~) 
IONISATION. FAB TDAlKCL SATURATED 
NO. PEAKS. 234 
BASEINREF INT, 818624.! Bl8b24. 
TIC: 502732£ 
MASS RANGE 30 - 687 
RETN TIME/MISC, O. 01 01 01 
PAGE I 
PEAK MEASURED NO. ABSOLUTE 
NO. MASS POINTS INTENSITY 
i 687 25 1108. 
2 647 21 693. 
3 6016 29 1746. 
4 645 35 5088. 
5 644 29 1353. 
6 643 29 2256. 
~ 6lS 17 S89. 585 25 976 
9 583 21 739 
iO 569 25 1527. 
i\ 568 21 787. 
12 SS7 21 SAi. 
13 SS6 21 896. 
14 555 35 2416. 
!5 S2S 17 631 
16 495 21 lOBi. 
17 493 \7 869 
18 481 25 liOI 
!9 480 2! 924. 
20 '179 25 1058. 
21 467 25 1479. 
22 453 25 1303. 
23 451 21 all . 
24 426 2S 980. 
25 424 25 1220. 
26 423 2! 1017. 
27 412 35 2219. 
28 382 25 1394. 
30 378 21 729. 
31 376 21 97:1. 
32 368 35 3587. 
33 366 2t 762. 
34 364 35 2275. 
35 363 30; 31l0. 
36 362 43 !5568. 
37 360 21 906. 
38 354 2i !031. 
39 352 35 234&. 
40 351 29 1645. 
55 324 71. 241836. 
56 323 71 83604. 
57 322 103 419680. 
98 248 7i 263248. 
!06 234 103 625264. 
108 232 51 83432. 
217 59 103 8i862'~ . 
% INT, 
BASE 
0.1 
O.! 
0.2 
0.6 
0.2 
0.3 
0.1 
0.1 
0.1 
0,2 
O.! 
0.1 
0.1 
0.3 
O.! 
0.1 
O.i 
it 
0.1 
O.l 
0.2 
0.2 
0.1 
Ol 
U 
0.1 
0.3 
0.2 
O.! 
0.1 
0.4 
0.1 
0.3 
0.4 
i.9 
0.1 
0.1 
0.3 
0.2 
29.5 
!O .2 
51.3 
32.2 
76. i 
to .2 
IOU 
[" i ,'1 
200 
;( INT. 
NREF 
0.1 
0.1 
n .2 
U 
0.2 
0.3 
O. I 
0.1 
0.1 
G .~ 
O.! 
0.1 
0.1 
0.3 
0.1 
0.1 
0.1 
O. I 
O.! 
0.1 
0.2 
0.2 
O.! 
0.1 
0.1 
O. I 
0.3 
0.2 
O. ! 
0.1 
0.4 
0.1 
0.3 
0.4 
1.9 
0.1 
O.! 
0.3 
0.2 
29. S 
10.2 
51.3 
32.2 
76. i 
!0.2 
100.0 
, i 
234 
1 
I 
I 
k TOT. 
ION 
0.0 
0.0 
0.0 
0.1 
0.0* 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.3 
0.0 
0.0 
0.0 
0.0 
4.8* 
!.71 
B,3* 
S.2 
i2.4* 
1.7 
16.3* 
~i i I 
:"[j0 
tit t 
:322 
! 
II 
! J, .. 
i I ( I! lit t i 
.:3('i~,:! C' i .35~~ 
A9 
FAB of KBr/tdoha Satturated Solution 
RT207.1 [TIC=5664000~ 100~=1008224] El 
.-. '-1'-' .::'I';::,~ 
I i 1 i \;1 i I iii i I 
._.0(1 
iii I i I ~00 ~50 ~00 i ! I i 1 I '·:1-50 
2:~:4 
59 
., ,-. ,~. ~ .' ." 1 4 4 i c,-, 1 ~.' .' .-. '''1 
'? 1 J. "i.'",,- 1. 1 q. I .a. _I Ct I q. 1 ~;:, 
.1', I' '1''' , . \ . I II Iii ! t ,If 'I ! I. '1 i , • i ! ,! \;'0' 
SCAN: 1. 6/22/87 17:34 
IONISATION: FAB KBR/TDOHA 1:1 
NO. PF:IKS: 216 
BASE/NREF INT: 1008224./ 1008224. 
TIC: 5664000. 
MASS RANGE: 13 - 570 
RETN TIME/MISC: 0: 0/ 01 01 0 
PAGE t 
PEAK MEASURED NO. ABSOLUTE 
NO. MASS POINTS INTENSITY 
30 362 71 178716. 
53 324 87 231776. 54 "7':1'7 \J"""., 7i ii7S68. 
........ 322 119 S88752. ::l::l 
98 248 103 288992. 
iOS 235 59 i29380. 
106 234 175 i00822,1. 
i94 59 n.., 495952. Qf 
210 29 71 113540. 
'f INT. "f INT. i~ TOT. {. I. 
Br,BE NREF ION 
17.7 17.7 3.2 
23.0 23.0 4.1* 
it.7 11.7 2.1* 
58.4 58.4 iO.4* 
28.7 28.7 5.1 
12.8 12.9 1"\ -Y'.1.r c. ,jJi'. 
100.0 100.0 17.87,< 
·19.2 49.2 8.8 
it .3 ii,3 2.0* 
i j 1 Iii 
'S5!j iii 
278 
i , 
AlO 
FAB of KI/tdoha Satturated Solution 
RT100.1 [TIC=2372480~ 100\=824336J EI 
, i I J I J 1 i ~ ~ i I 1 I I i J t I 2 iii If! L-i _'.! iii I 1 i i '~ 2, I i I iiI J.,.l}..! • J Iii it .. ',...: ). iii I • i 1-1 _I 2 i J i 
40~ 450 ~0~ 5~b b~~ b~~ (~~ 
3 131 
1 ,_. -,.,~, 59 
'=' .::. f' I 
ilr u : P. I J. U ij . Mi:i 
SCAN: i, 6/ii/87 i8:i5 
IONISATION: FAB KI/TDOHA (1:1) 
NO. PEAKS: tiB 
BASE/NREF INT: 824336.1 824336. 
TIC: 2372480. 
MASS RANGE: 12 - 725 
RETN TIME/MIse: 0: 0/ 01 01 0 
PAGE l. 
PEAK MEASURED NO. liBSOLUTE 
NO. MASS POINTS Ii-HENSITY 
25 ... ,-..)0..) 5i 87560. 
26 362 87 5l.i440. 
68 205 43 15i328. 
109 39 n.., 8243316. Q/ 
Of INT. ., INT. I. I. 
BASE NREF 
10.6 10.6 
62.0 62.0 
18.4 18.4 
100.0 iOO.O 
% TOT. 
ION 
3.7* 
21..6* 
6.4 
34.7* 
I 
I 
I 
:36c~ 
All 
FAB of RbF/tdoha saturated solution 
! 
+ (tdoha)Rb 
100 
I 
110'0 
IONISATION, FAB 
NO. PE,\V,S, i4Q 
BASElftREF WT, 205016.1 TTf> t427968. 
MASS RANGE, 30 - 646 
PEI~K :oi[ASIJRED NO. 
NO MASS ponns 
14 408 29 
~i 338 2? 336 ~~ ,. 3,r 
" 
_0 
23 324 5\ 
29 323 43 
30 3" ~~ "" 31 321 
'13 249 35 
S4 248 51 
SS 247 3S 
56 2"6 3S 
57 23h 29 
S8 235 43 
59 234 7\ 
60 233 35 
.11 212 n 
92 144 13 
96 132 43 
98 \3C 35 
99 128 35 
103 114 .\3 
iDS 112 35 
i07 103 35 
108 102 35 
110 100 13 
112 98 3S 
U~ 96 JS 
H5 9~ 35 
li6 89 15 
U8 87 
-" J  H9 86 43 
120 8S 59 
121 84 43 
123 82 35 
i25 74 35 
126 73 43 
127 72 SI 
128 n S1 
129 70 Si 
130 ,9 3S 
l1i 68 3S (33 60 \3 
1J1 S9 Z! 
205016. 
~,BSOLUTE 
INTENSHY 
28'0\. -
3661. 
899!. 
ii074. 
6S70S.-
27750. 
i42692. 
_ ... _8_039. 
10408. 
78396. 
3402. 
9394 
297Q . 
2'\9S2. 
198388. 
4219. 
24399 
18276. 
12135. 
,,254. 
::293. 
\U\66. 
5279. 
5&,9. 
3307. 
12854. 
b31b. 
2676. 
3060. 
3133. 
4688. 
8463. 
4881. 
7576. 
4645. 
3791 
3626. 
13268. 
IPS:. 
13712. 
3432. 
2821. 
6694. 
2050i6, 
:::::34 
I 
I 
I 
I 
! 
.. HIT % INT 7~ TOT. 
B(,5C: NREF ION 
1.4 i. ;, 0.2 
-U 1.8 o .3 4. '\ G . .s 
S.4 S.4 a .8 
32.1 32.1 4.6 
1.3. S i3.S 1.9 
69.6 69.6 10 .O~ 
3.9 3.9 0.6 
" , S.l G.7 32:2 33.2 5 S. 
1.7 1.7 0.2 
4 6 4.6 o 7 
1-1 H o 2 i2.2 1.7 9r8 96. S i3. 't.t -
' , 2.1 0.3 
119 Ii .9 1.7 
3.9 8.9 1.3 
S.9 5.9 0.8 
U 4.0 o .6 
1.\ 1.1 0.2 
5.0 SO 0.7 
2. b :: .6 0.4 
2.7 o· "., 0.4 
\.6 \.b ij,2 
6.3 6.3 0.9 
3.1 3. i 0.4 
1.3 1.3 0.2 
1.5 1.5 0.2 
LS 1.5 0.2 
2.3 2.3 0.3 
4.1 U o . & 
2. <\ 2. ~ 0.3~ 
3.7 3.7 O. S 
2.3 2.3 0.3 
!.8 La 0.3 
1.3 1.8 0.3:1 
4.0 U O. ,) 
S .6 <; , _ .0 0.8 
6.7 6.7 I 1.0 
1.7 1 .7 0.2 
!.4 1.4 o .2 
3.3 3.3 O. S 
100.0 100.0 141 
A12 
FAB of CsF/tdoha saturated solution 
SiSCSF.l [TJC=2775168! 100~=388928] E1 
1 ('03 
'?0~ 
:;':[1_1 
70J 
(,;;1 I 
"1 S[lJ 
40.J 
:::n I 
- -_.i 
20j' [>3 + (tdoha)Cs 
l2I ! 456 64b -~I 7''-lr'TI'-lrri'-rtTi't-rITI,,-r,Ti'-rT~!rr"~t~lrri~-r~rTi'i~lrTi"-irT'-rTl,r-r1 'i'i-rIl-r~-rI'I'irTi.-rri,,-rTI~I~i7Ii;r;-
4 
" 'c 
50 
52 
S6 
57 
58 
59 
60 
61 
66 
68 
73 
~~ 
82 
87 
89 
91 
94 
95 
tU2 
IIi 
li3 
\\6 
118 
1'" ~<
124 
130 
1:)2 
13·1 
1,0 
142 
145 
146 
~::!;::I) '400 '450 '5[H] '550 b0tj 6513 
I j L} \ ,. t I It t ( It [ 
'5tl 1. 0\) 
IONISATIOH.F,1B 
NO. PEAKS. 2\6 
B,\SElNREF !NT 388928.1 388928. 
TIC: 277S169. 
MASS RANGE 30 - &S9 
HS ~~ 4613 1.2 456 1062. 1.0 
338 ~3 72.22. ~. 0 
31.1 ol3 17ft? oj.5 
325 51 23203. 6 ~ 
32-i 71 i36i2G 35.0 
323 71 56472. ilLS 
322 103 286960. 73.8 
321 51 16731. ;1.3 
320 43 9016. 2.1 
308 35 5607. 1.4 
306 43 5313. U 
292 43 14640 3.8 
29C 35 5789. LS 
278 43 i9782. S. i 
276 3S 4216. \.I 264 43 7198 \.9 
262 13 11800 3.0 
260 43 6097 \.& 
249 43 20670 5.3 2dB 71 150560. 38.7 
234 !O3 388928. 1 ~O. U 
218 43 7888. 2.0 
216 35 4805. i.2 
204 43 7568. \.9 
202 13 ISJS7. 3.9 
190 ,13 13687. 3.5 
138 51 13\09. 3.4 
176 43 6987. i,8 
174 51 1727\ . 4.1 i72 43 7604. 2.0 
IbD 51 \317B. 3.4 
158 51 27487. 7. i 
1·16 51 18407. 4.7 
145 35 4676 . \2 
' 0 , .c 
to 
2,0 
: ? 
c.·; 
:-55. ~ 
H 5 
738 
4.3 
' ., i:::; 
\,4 
3.8 
i.S 
S. I 
\.1 
1.9 
3.0 
1.6 
S.3 
38 7 
\00 0 
2.0 
1.2 
1.9 
J 9 
:;: 5 
3.1 
1.8 
~. 4 
2.0 
2. ~ 
7. I 
-4.7 
1.2 
150 
[", t t"t 
0.2 147 144 0.1 \50 133 
' 0 151 132 G:1 153 m l).8i: iSS 128 4. 'J# ~C' \60 H6 
2.0:1: 162 ii4 in. j; _ "- 164 112 G.a 168 103 0.3 169 102 
6.2 171 \00 0.2 173 98 
0.5 t7S 96 0.2 177 9'1 0.7 178 89 
0.2 179 88 0.3 180 87 0.4 181 86 
0.2 182 85 0.7 183 84 S.4t 185 82 14.0* 189 74 0.3 190 73 
o .2 191 72 0.3 192 71 o .6 193 70 
0.5 194 69 
O. '0* 195 68 
0.3 198 60 
o .6 199 59 
o 3 200 58 
0.5 20\ S7 
1.0 2C2 S6 
0.7 
0.2 
,,, L ", , J 
51 36448. 9.4 9 4 1.3 
S9 S181. \.3 \.3 0.2* 
51 23172. 6.0 6.0 0.8 
51 15869 4 I . ' 0.6 
,3 48\7 i.2 d 0.:: 
35 4021. \.0 \.0 0 I 
51 20080. S.2 S.2 o 7 
43 9442. 2.4 2.4 0.3 
13 11352. 2.9 2.9 o .4 
51 6723. 1.7 \,7 0.2 
51 23413. 6.0 6.0 o .8 
51 i2D50. 3.\ 3.1 0.4 
43 4557. 1.2 1.2 o .2 
43 b36\. \.6 \.6 0.2 
43 6316. \.6 1.6 0.2* 
43 4573. 1.2 \,2 0.2 
51 92~6. 2.4 2.4 o .3 
51 15869. 4. I 4.1 0.6 
51 7323. \.9 1.9 o .3 
59 14651. 3.8 3.8 o .S 
43 8469 2.2 2.2 0.3 
43 6908. \.8 1.3 0.2 
59 7165. \.8 1.8 o .3 
7i 15546. 4.0 4.0 0.6 
59 21069 5.4 5.4 0.3 
~I 2~m 6.5 U !J i,7 ~I 
43 15212. i,3 i,3 0.2 
51 12629. 3.2 3.2 os 
87 362ii2. 93. i n i 13Q* 
7\ 4610S U.9 11.9 1.7 
S9 20791. 5 3 S.3 0.7 
59 48?1g· 12.4 12.') 1.7 
A13 
FABof CsCl(bottom) and NaF(top) tdoha saturated solution: 
5i5NRF.l [TIC~2432000. 100~=348720] El 
1.00 
::J? i' ~3 
60 
50-j 
40 ~ 
Hj 
No complex formation observed 
645 
i ; E I. I 
'4S0 "_,00 
No complex formation observed 
€Il "~iT'T'T'T'T'Ti'i'iilrlrrl ""T,T,T,T,T,,""'i,r,rr, r""'TjTiTiT'Ti'i'ii,r,rr, rC"""T'T'T'T'TI'i'!i,rirr,r"'T'TITIT"C,.-r. 
'400 450 'S00 bS0 6130 iSS0 
10 (i 
9€t] 
~, ! 
I 
~:4 1~34 60j 
!:~ I 1322 ;~4 70 86 ,100 13~";:l. 44 174 Ijl~ 124. 273 II ~~-.jaL~lr'l~i.~'L~~!~J'r"TT.plT!~rly-~~!"~'.f-rr~r' ~''l-Tf"-~~'J~I,~L'rr~lrr~lrr~'rr~d~~Lrrrrr ' -r- 1 l 1 i I [I t t till I t I ! i ! i t:l ! I I I i r l..' I i j 1 t { i l t ; ! r j t f ill I 
100 150 ~00 i50 300 350 
Part 2 
Page 
A15 
A16 
A17 
A18 
A14 
Appendix I 
Crown ether-tdoha competitive systems. 
System 
Data table 
LiCl/18C6 
LiCl/15C5 
LiCl/12C4 
NaCl/18C6 
NaCl/15C5 
NaCl/12C4 
KCl/18C6 
KCl/15C5 
KC1/12C4 
A15 
Data for the crown ether-tdoha systems 
System complex 
tdoha/LiCl!18C6 (tdoha)Li + 
(18C6)Li+ 
tdoha!LiCl!15C5 (tdoha)Li + 
(15C5)Li+ 
tdoha!LiCl/12C4 (tdoha)Li+ 
(12C4)Li+ 
tdoha/NaCl/18C6 (tdoha)Na + 
(18C6)Na+ 
tdoha/NaCl/15C5 (tdoha)Na + 
(15C5)Na+ 
tdoha/NaCl/12C4 (tdoha)Na + 
(12C4)Na+ 
tdoha/KC1/18C6 (tdoha)K + 
(18C6)K+ 
tdoha/KC1/15C5 (tdoha)K + 
(15C5)K+ 
tdoha/KCL/12C4 (tdoha)K + 
(12C4)K+ 
"I. of base 
peak 
48.8 
14.2 
27.1 
14.4 
12.3 
0.3 
1.0 
5.4 
3.6 
4.3 
2.8 
19.7 
7.0 
8.5 
2.0 
"I.total 
ion current 
8.1 
2.4 
4.7 
2.5 
1.8 
0.0 
0.2 
0.9 
0.6 
0.7 
0.5 
3.8 
1.4 
1.7 
0.3 
A16 
FAB mass spectrum of the tdoha/18C6/LiCl system 
lea 234 
9€!] 
BfiJ 70jl 
60 .. 
'-t '-,.-, ~:~I I (18C6)Li+ I~I~~ 
.-. -. ! i ( ) i+ 
.:.b . ! '\' 'i tdoha L 
_ I l! I 
'=::i2' ! 'i' II I 
- \ J ':'-::'1 . " ! 
1 !~1 J -: ~ .:;> q 1 'iI!iI- 1 • j, 44 j 1-- , ~ I 
l ,_I ~. '_l.. 1;...._ !. '1- J I !. 
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A17 
FAB mass spectrum of the tdoha/18C6/NaCl system 
::J (18C6)Na+ 322 
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". -
10 1 .- 1;\' 
-I t,':;! :=:f, HH::.1i 14 I '-f'io i "'4 
-I 4 --~ . r l ... ~j! k Iw, Ii I !. ·1, I 
t lit i If, { ~ ~ I I 1 J t I [ T r I J r I , I J 
I ~ 278 
,il.. ,~ , "~I , ," ,,', , , " I-I, 
A18 
FAB mass spectrum of the tdoha/18C6/KCl system 
+ (tdoha)K 
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A19 
FAB mass spectrum of the tdoha/12C4/KCl system 
29SB1.l [lIC~2097S36~ 100\=298224] El 
+ (tdoha)K 
i I Iii 
(12C4)K+ m/z 215 
not observed 
11 I I Iii 
Sl:.0 
i j ; 1 ; i I 
16(:10 
24f~ 
! i ill i ! 
tE~S0 
:322 
I ! I ! I i t f t I Itt I r lit I ell i 
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FAB mass spectrum of the tdoha/15C5/KCl system 
A20 
Appendix II 
The positive FAB mass spectra of the imidazole complexes with 
various electron donors 
A21 
FAB of imidazole 1.3 M in NBA 
~29RT8.1 [TIC~1171~76, 1~0~=41~144] El 
1.(,0 
'?g'~ 
::::121 i 
,'oJ 
. - . (.\.;,lJ 
r;:fi 1 4[i'J 
30,1 
2iJ··i 
P-:tJ 
.;11 "'''''-'.,....,....,-.--r-r1 
" iIi' j i , i i'l ; ! t 
:1E,ti' 1:3(1 i ! i [_.1 1_1 iii 
.:.::4101 
iii iii 
10(,_., 
9rl i 
" -......5 
t:tiJ 
;;-~3 ! 
. - 1 b,J _I 
en I ~~il 
::;(1\ 
,::>:,J 
11<.i. I 
OJ..., 
, 
I 
I 
6'3 
26(1 
:3';.1 51 I, .i ,- .-, I 74 1:".:. I I 137 1S',4 189 .10;:' III I 
r-T , !'I'! , rl'+4it-', ! 
4(1 
I ,I,! I Il l'l-!"!" I i 
t,(1 \:aj 
I ~' 'I ' .'-r-It-r-r-I ..,.,-r4'!'+', ''!.,-,--r--rrl'''r' "j T' I I t ,'1'1 , j , .1""/., iii' I" " 'j ",i;' 
, Hnj j 20 J 40 " 0 ... 
~tR/29RTr: MSr2~/es ig: I, 
IOHIStlTION: F B J.HlNBfl MG/i09MG NU. PEAhS, 74 
BASEINREF INT. 410144.1 ~i&i~4. TIC. 1171776. 
MASS RANCE. 37- 289 PEAK MEASURED NO. ~BSOLUTE % INT. % lNT. % TOT. NO. MASS POINTS INTENSITY BASE NREf' ION 
3 222 35 9519. 2.3 2.3 0.8 7 1"5 35 9381. 2.3' 2.3 O. e 8 154 n ~4164 . 10 .8 10.8 3.8 10 is:::! J5 4669. 1.1 1.1 0.1 11 151 35 ~144. 1.0 1.0 0.4 13 139 35 5494. U 1.3 O. :; 14 138 35 16313. 4.0 4.0 1.4 15 137 51 53090. 12.9 12,9 4.5 16 136 43 46941. li.4 1!.4 4.0 19 121 35 4866. 1.2 1.2 0.1 22 12i 35 4433. 1.1 !.i 0.4 23 120 35 8635. 2.1 2.1 o 7 26 108 35 5690. 1.4 !.4 0.5 27 i07 3S 19986. 1.9 1.9 1.7 28 106 35 664B. 1.6 1.6 0.0 29 i05 3S 7135. 1.7 1.7 0.6 33 9S 3S 4426. i.i i.i 0.4 37 91 43 13363. 3.3 3.3 1.1 3B 90 43 23511. 5.7 5.7 2.0 39 89 13 317~4. B.O B.O 2.9 46 79 43 8405. 2.0 2.0 0.7 47 78 35 15454. 3.B 3.8 1.3 48 77 43 33bbl. 8.2 8.2 2.9 49 76 35 6427. 1.6 i.6 0.5 SO 75 59 8l91. 2.0 2.0 O. it 51 71 71 46427. 11 .3 11.3 4.0* 52 70 43 191&2. 4.7 ~.7 1.6 53 69 71 410i44 100.0 100.0 JS.O* 54 68 35 14539. 3. S 3.5 1.2 
A22 
FAB of ph 2 SO complex, 1.26 M in NBA 
J29RT4.1 [TIC=2404544~ 100~=529?44] El 
+ [Im---Ph S=O]H 2 
271 
L j i I • I 
c'P'i 8291n;LMS 
':C~~N L 
'''':''1 .:~ I:' 
._'._1,_; 
! 1 i 
~3~"'5 
8/2t~ /8S i·~; -'6 
IOtHSliiION. FI~t: PH2SQ-·ltVt-Wfl 23MGliUnMC 
HO PEr!;KS; i66 
B?;SE/HREF INT; 529744. i S297~4 
TIC, 2104S41 
MAS!} R.ANGE: 37 - 472-
f'EP.K MEr,!',URED NO. f~P.SOLUTE % INT 
NO l1(lSS POINTS itHENSIT'f B;:lSt 
i A7'~ 2), i,S4':·. U,:3 
0 
'1,7 2S3,~ G " 
0 ·"\06 35 ;42'7. 1..4 
., 105 "" 0' 22048 4 .) 
5 404 35 15460. 2.9 
6 ~03 21 i~26. 0.3 
7 339 29 16n. 0.3 
8 338 35 6791. 1.3 
9 327 2i 1261. 0,2 
iO "," "' , 2S 1985. 0.4 
i1 273 21 i501. 0,3 
12 272 29 Jt027 O.B 
i3 271 3S 19147. 3.7 
25 204 51 78400. 11.8 
26 203 li9 529744. iOO.O 
27 2U2 71 74396. 14.0 
38 186 51 108324. 2U.4 
103 \09 13 S8i28. 11. 0 
1.2i 90 ~3 27477. ~ ? , .e 
122 89 43 46196. 8.7 
132 78 43 33458. 6.3 
133 77 SI 69408. 13. t 
\36 7~ 7i -52852. 10.0 
140 69 87 13262U. 2S.0 
144 65 43 27910 . 5.3 
146 63 43 i08i7. 7.7 
IS6 SI ,\3 57687 I~ ~ 157 50 43 3SSS6. b. i 
J.6~ 39 51 64836. 12.2 
" 
[2Ph 2 S=O]H+ 
40!;' 
II' 
HIT. :, T01 . 
NREF rm! 
0.3 D I (! ry B.l 
1.4 0.3 
I\,2 o .9 
2. ~ 0.6 
0.3 0 I 
0,3 n. i 
i.3 o .3 
0.2 0, I 
0.4 0,\ 
0.3 O. I 
0.8 0.2 
' " 
0.8 
Ita 3.3* 
100.0 22.0t 
14. n 3.1.* 
204 4.5* 
1i.0 ::. ~ 
5.2 i.i 
8.7 1.9 
6.3 1.4 
13.1 2 9 
10.0 r~ 25.0 ,., 
5.3 1.2 
7.7 1.7 
iO.9 2.4 
6.7 i.S j2.2 2.7* 
~ i i 
450 
i I i 
'475 
J.I~ i 
,"- -{ 
-)C·.II f 
•• ~I ,,_I ; 
-, 
.' •••• 1 
t:::ti.! 
FAB 
A23 
of phZSO complex, 2.14 M in NBA 
2'('" 1 .-; ~~.~ c k1L " t. ~ I::::~;!:: H;:t:..·,-' 
,J 11 .. II J i ! J i i. ,I ~ j I f l f I ¥ t Iii i • l 1"T1"'"i I i I I j ~ i I I j ; i I I! II J I I;: I t I r i. I ~ i I I i I i l i i Ii J 1 ! iii i II i I:! il" . ~ ! ~20 240 260 ~80 ~60 320 340 360 380 400 
ImIIS~TION, FrID rH2SO- IM/HBA 3?MG/l.O!MC 
NO. rrAKS: 14 ..... [:ASE/NREF INT, 37262~ .1 :rmz.r 
nCo i82i3ib. 
MASS RANGE, 37 - 407 
rE~K MEASURED NO, ABSOLUTE ;; INT. 
NO. MIlSS POINTS INTENSITY Bt-I8E 
1 407 29 3483, 0 9 
2 ~)i)b 29 480i. 1.3 
~ .;~OS 43 17855. 4,8 401 35 12640. 3,1 
5 338 29 453!.. i.2 
6 327 29 1902. 0,5 
" 
279 29 2672. 0,7 8 273 29 2410, O. & 
9 272 3S 5069, i., 
10 271 13 28730. i .7 
19 204 51 59388. lS.9 
20 2U3 87 372621. IOU 
21 202 S9 S.:t632. 14,7 
30 186 Sl 80568. 2i.6 
83 109 n 425[,4. 11,4 
101 90 43 21070, S.7 
102 89 43 30805, 8.3 
111 73 13 2,1332. 6,5 
112. 77 51 50501. 13,6 
iiS 71 71 31398. 9.2 
119 69 87 17Q976. 45. b 
123 65 43 20471, 5.5 
i2S 63 43 28497. 7,6 
131 51 43 40821. 11.0 
13S 50 43 25044. 6,7 
142 39 59 42053, 11.3 
:: Hn 
NP'~F 
0.9 
1.3 
'1.8 
3,1 
i.2 
O,S 
0.7 
0,6 
1.4 
7.7 
lS,9 
i OO,! 
14.7 
21.6 
114 
5,7 
S .3 
6,5 
i3.6 
9.2 
4S,6 
5.S 
7.6 
11 ,0 
6,7 
ii ,3 
;~ TOi. 
I tJ~; 
0,2 
0.3 
1.0 
0,7 
0.2 
0,1 
0.1 
o . i 
0,3 
1.6 
3.3 
?O, ';~ 
3. at 
4. <1* 
2.3 
1.2 
1.7 
1.3 
2,8t 
1.n 
9.3 
1.1 
i.6 
2.2 
1.4 
2, .Il 
'-'(1'-' i~':':" 
I 
I 
! 
I 
! 
I 
A24 
FAB of ph 3 PO complex, 0.08 
J29RT9.1 [TIC=2875840~ 100\=420144] E1 
+ [Im---Ph P=O]H 3 
/ 
;:<17 
,t.. '1 I i 414 
~:::E.0 j i i'i iii 400 
DPO, 829RT9. MS 
~C~N' i. 8/29/8S 17,42 
IONISATION, FAB PH3POllMfHBA 2MG/lnO~G 
NO. PEAKS, ISS 
l'i\SClNREF INT, 420144./ 420\44. 
HC, 287j840. 
MASS RANGE, 37 - SS8 
nUN TIME/MIse, 1], 0/ 01 01 
PAGE I 
PEAK MEi\SURED NO. ,\BSOLUTE ;( INT. 
NO. MASS POINTS INTENSITY BASE 
I SS8 29 4184. i.O 
2 557 35 9639. 2.3 
3 414 35 5243. 1.2 
1 354 2S 2056. 0.5 
5 ;;52 29 2635. I] .6 
6 3\8 29 3499. o .S 
7 347 35 140ii . 3.3 
8 308 29 2938. 0.7 
9 307 35 9968. 2.1\ 
10 303 25 1519. 0.4 
20 280 87 8Bl04. 21.0 
21 279 ii9 120\41. toO.O 
53 201 51 6£'952. 15.9 
85 154 59 13\676. 3l.3 
98 \37 51 84936. 20.2 
99 136 59 131568. 32.0 
126 107 59 55717. \3.3 
141 90 51 52820. 12.6 
142 89 51 77268. 18.4 
t52 78 51 43\03. 10.3 
\53 77 71 103092 . 2~. 5 
IS6 74 87 '107416. 25.6 
159 69 71 ·12U&20. 28.7 
165 63 43 13325. iC.3 
175 51 5\ 58944. 14.0 
\83 39 SI 65644. 15.6 
I 1 1 I 
45~j 
% INT % TOT. 
NREF ION 
U U 
2.3 0.3 
1.2 0.2 
o .S O. I 
0.6 O. i 
0.8 O. i 
3.3 O.S 
0.7 0.1 
2.4 0.3 
0.4 0.1 
21.0 3.1i 
100.0 i.4.!,:t 
IS.9 2.3* 
31. 3 4. 6~ 
20.2 3.01 
32.0 4.it 
13.3 \.9 
12.6 1.8 
13.4 2.7 
10.1 1.5 
24. S 3.6* 
25.6 3.7 
28.7 4.2t 
10.3 1.5 
14.0 2.0 
\5.6 2.3 
M in NBA 
t i J i f i 
'S ki ~.:.i 
i I 
A25 
FAB of ph 3 PO complex, 0.42 M in NBA 
J29RT3.1 [lIC=5208S76! 100\=13~S872] [1 
~34 7 414 
b 1 f • 1 I I I I I 
'45~3 
I I 
~tR~I~29RT~. MSo /'"JQ ~c ~ . 
IoriiSmoif FArtp~3Po-lAi~t~ 10MG/1OnMG 
NO. PEi-I\{S; 202 
BASClNR£: INT. 1375872.1 1375872. 
TIC. 520857f •. 
M!';SS RANGE. 37 - 558 
PEAK MEASURED NO. ABSOLUTE ! un. ;( INT. ! T01·. 
NO. MASS POUlTS INTENSITY BASE NREF JON 
1 558 35 13967 1.0 1.0 0.3 
2 557 13 363\8. 2.6 2.6 G.7 
3 556 n 33340. 2.4 2.4 0.6 
6 414 35 15140. i.i 1.1 0.3 
14 347 43 28150. 2.0 2.0 O.S -
20 295 11 16671. 1.2 L;:! 0.3 
28 281 51 35451. 2.6 2.6 0.7 
29 280 103 294528. 21.1 21.1 5. ?* 
30 279 175 - 1375872. 100.0 100.0 26.4*'· 
31 278 87 68021. 4.9 1.9 I. . .\* 
32 277 103 65043. 4.7 ... 7 I. 2* 
105 151 51 88848. b.5 A.S 1.7 
:69 79 51 23249. 1.7 1.7 0." 170 78 43 57357. 4 2 4.2 1.1 
171 77 59 177584. 12.9 12.9 ::;. ~ 
t72 7b 43 20015. 1.5 I.S 0 4 
173 7S 71 250\8. \.8 1.9 O. s* 
174 71 87 -109680. 8.0 8.6 2. it 
177 69 71 -140192. 10.2 10.2 o , 
181 6S 13 42496. 3.1 3.1 1i8 
182 64 43 15568. U l.i 0.3 
183 63 43 60194. 1.4 4.4 1.2 
A26 
FAB of ph 3PO complex, 0.84 M in NBA 
J29RT2.1 [lIC=4144320~ 100\=121S104J El 
2tXN ~2~RTr: MSS/29 /Sj ii: 0 
I OtH %TI ON , FAD PH3PO-1M/NBt, 20MG!lnGMr, 
NO. PEAKS: 187 
BAS[fNREF Hn, i2i51 04. / 1215104 
TIC, 414432Q 
MRSS RP.NGE, 3i - 55i 
PEAl; MEASURED NO f,PSOLUTE ~ INT % INT. % TOT. 
NO. MtlSS POINTS INTENSIiY BtlSf NREF ID~! 
I ~~~ c, ,SoU? . 2.9 2.9 0.9* " 0 315 6979. 06 0.6 o . ,~:I 3 415 29 3249. 0.3 0.3 U 
4 414 35 10215. 0.8 0.8 0.2 
S 385 29 3009. 0.2 0.2 0.1 
6 355 25 2236. 0.2 0.2 O. \ 
7 354 29 3350. 0.3 0.3 U 
8 352 on ,., 266·\ 0.2 0.2 Q • I 
9 348 35 4542. 0.4 0.4 O. I 
10 347 35 17442. 1.1 U 0.1 
25 280 87 255748. 2i.O 2i.O 6.2t 
26 279 175 ·1215104. 100.0 100.0 29 .. \* 
61 201 71 2018(,0. \6.6 16.6 4.9 
146 91 '13 31925. 2.6 2.6 0,8 
147 90 1\3 31802. 2.6 2.6 0.8 
148 89 43 56774. 
" .7 ~ .7 1.4 156 78 43 40V06. 3;' 3.4 1.0 
iS7 77 51 149812. 12.3 1::.3 3.6 
160 74 87 . 68936. 5.7 5.7 L7* 
163 69 7i 67472. 5.6 S.6 . , 
166 oS 43 28187. o " 2.3 3."7 
loB &3 43 15291. 3j 3.7 1.1 In 51 43 67628. S .6 S.6 1.6 
177 50 43 39322. 3.2 3.2 0.9 
179 47 51 58i16. 4.8 4.8 I 4 
181 39 43 65096. S .1 5.1 1.6 
A27 
FAB of ph 3 PO complex, 1.26 
1~j(i\=114412::n E1 
::;4 ? 
.. ' iii , . I . i , i I 
4(10 
18:3 
t 
i t I ! 
tERiP9RTL MS8!29/8S IHo 
IONIst,TION, FAB PH3PO-IM/NBA 3ijMG/IOOMG 
NO. PEAKS, 186 
Br.sEiNREF INT, ii~412S .I \144129. 
TIC, 3835776. 
~ASS RANCE, 31 - S58 
PEAK MEASURED HO. "BSOLUTE 7. 1HT. :: IN1. 
NO. MASS POINTS HIfEN';iTY B.~SE NREF 
i SS8 3S 12071. i.i i.l 
2 557 43 29923. 2.6 2.6 
3 ,5(, 35 13391. 1.2 i.2 
4 480 35 3593. U 0.3 
5 479 35 9855. 0.9 0.9 
b 415 29 2800. 0.2 0.2 
7 414 35 8059. 0.7 0.7 
9 395 29 2412. 0.2 0.2 
9 35'; 29 2194. 0.2 0,2 
10 351 29 2415. 0.2 0.2 
11 348 35 4269. 0.4 0.4 
12 347 35 16069. i.4 1.4 
26 280 103 238780. 20.9 20.9 
27 279 175 1\41128. 100.0 iOO .ij 
63 201 71 2019~4 . 17 .7 17.7 
146 91 43 2a31i. 2. S <.5 
1<17 90 43 26579. 2.3 2.3 
148 89 .3 49494 U 4.3 
ISo 78 43 36287. 3,2 3.2 
157 77 59 132952. Ii. 6 11.6 
160 74 87 ·56392. 4.9 4.9 
162 69 71 55901 4.9 4.9 
166 65 43 25043. 2.2 ' , 
1&8 63 43 39562. 3.5 35 
176 51 43 62532. S .5 S.5 
177 50 43 39301. 3.4 3.4 
179 47 51 SSIS3. 4.8 4.S 
183 39 51 S6094. 1.9 4.9 
184 38 43 23297. 2.0 2,0 
M in NBA 
SS? 
I i ! i I 
5.30 
I I I i I i i I I j 
55~~i 
;; TOT. 
IJ)N 
o 3 
U .8 
U .3 
o . i 
U .3 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.21: 
29. :1* 
5.3~ 
0.7 
0.7 
1.3 
0.9 
S.5 
I. 5t 
1.5 
o 7 
1.0 
1.6 
1.0 
1.4 
i.S 
o. b 
A28 
FAB + -of ph 3 PO(ImH )Br complex, 0.06 
RT201.1 [TIC=3577280 1 100~=529072] EI 
I , ! ' , , 4Si) I , 1,-'-'-' :;:;~.::Hj 
2101 
I 
r t 1... t I i i 
. t, , 18:3~ 
1 (1(1 15ft 
IoiiisAiION; FAB ·Ph3P=OUMH+Br- (0. 062M) 
lIO. PEAKS, 237 
BASE/NREF INT, 529072 .I 529072. 
TIC, 3577280. 
MASS RANGE, 36 - 624 
RET!, TIME/MISC, 0, 0/ 0/ 0/ 
PAGE I 
PEAK MEASURED NO. ABSOLUTE :c INT. ;: INT. 
NO. MASS POINTS INTENSITY BASE NR£F 
2 557 35 3785. 0.7 0.7 
3 556 35 6677. i.3 1.3 
5 414 35 4317. 0.8 o 8 
12 348 35 660L 1.2 i.2 
13 347 ~3 257S~ . 4.9 4.9 
IS 308 3S 3713. U 0.7 
16 307 3S 12299. 2.3 2.3 
28 280 71 109088. 20.6 20.6 
29 279 143 529072. 100.0 100.0 
87 201 59 87704. 16.6 16.6 
130 154 59 151460. 28.6 28.6 
147 137 51 100196. 18.9 18.9 
148 136 51 138620. 26.2 26.2 
176 107 59 77880. 14 7 14.1 
192 90 51 59972. 1\.3 11.3 
193 89 51 97356. i8.4 18.4 
205 77 51 120i96. 22.7 22.7 
212 69 71 194604. 36.8 36.8 
218 63 51 60632. U.5 U.5 
226 51 51 78456. 14.8 14.8 
227 50 43 57071. iO .8 10.8 
234 39 43 86768. \6.4 \6.4 
, t 
til 
! TOT. 
ION 
o.a 
0.2 
0.1 
0.2 
0.7 
o . 1 
0.3 
3.0'* 
14.8* 
2. S 
4.2* 
2.8 
3.9 
2.2 
i.7 
2.7 
3.4 
5. -4 
\.7 
2.2 
1.6 
2.4 
M in NBA 
556 
b I ' I , 60(3 
279 
A29 
FAB + -of ph 3PO(ImH )Br complex, 0.29 
RT204.1 [TIC=3852160~ 100~=740272] EI 
:347 
\ 
i i I ,_ i i 
4~jO 
DPO,RT204.MS 
SCAN, i, 6/16/87 18,16 
IONISATION, FAB Ph3P=O*IMH+Br- (0.290M) 
NO. PEAKS, 206 
BI,SElNREF INT, 740272.1 740272. 
TIC, 3852160. 
MASS RANCE, 31 - 625 
RETN TIMEIMISe, 0, 01 01 01 
PAGE 1 
PEAK HEr,SURED NO fiBSOLUTE % INT. 
NO. MASS POINTS INTENSITY B~SE 
4 S5b 3S 10972 . 1.5 
9 348 35 13613. 1.8 
10 347 43 52.S25. 7, i 
23 280 103 152920. 20.7 
24 279 i43 740272 . 100.0 
62 201 87 138672. 18.7 
172 77 59 135996. i8.4 
179 69 71 228352. 30.8 
,201 
% INT. Z TOT. 
NREF ION 
l.S 0.3 
1.8 0.4 
7.1 1.4 
20.7 4.0* 
100.0 19.2* 
18.7 3.1,. 
18.4 3.5 
30.8 5.9 
M in NBA 
cc··-
"_I ,_lei 
let'! I 1 1 i I Iii i , 
._,50 6f)0 
'":l"7Q 
L.... £ R' 
I , 
! 
I 
! 
I 
I 
I 
I , 
I 
II II 
:3~10 
A30 
FAB 
RT2@2.1 [TIC=4455680, 1@0~=1302592] EI 
347 
l 
" I I ,_ j 
40~j iiI i 1.-' 45;;1 
89 l!Y? 125 152 
~ ; I 1" <. ,HI t I I ! " I j rr I I ' I UH::1 150 
DPO,RT202.MS 
SCAN, I. 6/16/87 17, 5 
IONISATION, FroB Ph3P=O:UMH+Br- (0.76BM) 
NO. PEAKS, 200 
BASEINREF INT, 13U25n.l 1302592 
TIC, 445S680. 
MASS RANGE, 37 - 626 
RETN TIME/MIse 0, 0/ 01 01 
PAGE 1 
PEAK MEASURED NO. ABSOLUTE % INT. 
NO. MASS POINTS INTENSITY BASE 
10 348 43 28174. 2.2 
11 347 ?1 108576. 8.3 
28 280 103 282880. 2i.7 
29 279 143 1302592. 100.0 
69 201 103 235620. 18.1 
169 77 SI 146052. 11.2 
175 69 71 234116. lS.0 
1 f i i 
S00 
% INT. 
NREF 
2.2 
8.3 
21.7 
100.0 
18.1 
11.2 
18.0 
M in NBA 
55? 
Iii Iii 
S50 
279 
I 
';'f •. J! 
L' ,''1;'(1,! [:, I I 
,,:50 . .::00 
;: TOT. 
ION 
0.6 
2. ~ 
6.3t 
29 .2~" 
5.3 
3.3 
5.3 
A31 
FAB + -of ph 3PO(ImH )BT complex, 1.13 
RT203.1 (TIC=5614336, 100~=1610304J El 
34? 
l i i I I 
4130 
l I 
152 
SCAN. L 6/16/87 17.22 
IO~IISATION. FAB Ph3P=O*IMH+Br- (i 130M) 
NO. PEAKS. 209 
BASE/NREF INT. 1610304.1 1610304. 
TIC. 5614336. 
MASS RANCE: 37 - 625 
RETN TIME/MIse. O. 01 01 01 0 
PEAK MEASURED NO. ABSOLUTE ;( INT. 
NO. MASS POINTS INTENSITY BASE 
5 556 43 20443. i.3 
14 348 S[ 47508. 3.0 
is 347 87 180460. Ii. 2 
34 280 103 419600. 26. I 
35 279 143 1610304. 100.0 
75 201 103 294096. \8.3 
177 77 51 163348. 10. I [84 69 87 3[9792 . 19.9 
Ie- i i i 
, ... 1313 
2131 
% INT. % TOT, 
NREF ION 
L3 0.4 
3.0 0.8 
ti.2 3.2 
26. I 7.5* 
100.0 28.7*"' 
18.3 5.2 
10. I 2.9 
19.9 S.7 
M in. NBA 
556 
i t iii I 
S5~i 
l iii i i 
'61313 
27 13 
A32 
FAB + -of ph3 PO(ImH )Br complex, 2:1 in NBA 
IJHC.l [TIC=758752. 100~=245312] 
150 
IONISATION, FilS IMH+ 2PH3PO BR- NBA 
NO. PEAKS, 120 
BASEINREF INT, 245312.1 245312. 
TIC, 7587S2. 
MASS RANGE, i2 - 626 
RETN TIME/MIse, a, 01 01 n; 0 
PAGE 1 
PEAK MEASURED NO. ABSOLUTE lINT. 
NO. HASS POINTS INTENSITY BASE 
i 626 21 1261. O. S 
2 625 25 ,2292. a.9 
3 558 25 2aa7. a .8 
4 557 29 474\ . 1.9 
5 479 2i 1251. a.s 
6 414 21 971. a .4 
7 349 17 753. a .3 
8 348 25 4998. 2.a 
9 347 35 18413. 7. S 
10 3a3 0' ", 1m 0.5 IS 280 43 5a78a. 20.7 
19 279 S9 24'5312. 10U 
32 201 3S 33989. 13.9 
38 183 3S 16921. 6.9 
90 77 3S 24101. 9 8 
9b 69 59 4263a. 17.4 
I TNT. 
NREF 
0.5 
0.9 
a.a 
i.9 
0.5 
0.4 
a .3 
2.0 
7.5 
0.5 
20.7 
\00.0 
i3.9 
6.9 
9.8 
17.4 
l ' 200 
1: TOT. 
ION 
0.2 
a .3 
0.3 
a.6 
a .2 
a . 1 
O. I 
o .7 
2.4 
a .2 
6.7 
32.3* 
4. S 
2.2 
3.2 
S. bt 
[Im---2Ph P=O]H+ 3 
m/Zs::S ~ 
i t Ci'l j i J I Iii I A t r il 
Ph 3P=OH+ 
A33 
FAB + -of phZSO(ImH )Br 2:1 complex in NBA 
+ [Im---Ph S=O]H 2 
i i i i 
~;:2S 
[Im---2Ph S=O]H+ 2 
40sm/Z 473 ~ 
! I I i 
40CI 
I 
I 
I i j I. ,,~ 
450 ~r 7S 
213:3 
A34 
FAB complex, 1.26 in NBA(dry) 
829RT7.1 [11C=~08~216~ 100\=170044] E1 
IONISATION, FAD (D )PH2S0- IM/NBA( DR!) ;:JI'tt;J1IjIIMt; NO. rE~KS, 107 B~SE/NREF INT. 170044/ 170044 TIC. 1089216. 
MASS R ~,NGE , 37 - 405 
PEM{ MCP,SURED fiO. ~BSOLUTE !. un. 7. mi. % T01. NO. M(iSS POiNTS INTENSITY BAS~ NREF ION 
I 405 35 6127. 3.6 3.0 0.6* 2 338 29 2596. i.S 1.5 0.2 3 272 25 1853. i.i i.i 9.2 4 271 35 6056. 3.6 3.6 O.b 9 204 43 28716. 16.9 16.9 2.61 10 203 S9 170041. 100.0 100.0 1.5.!,* ii 202 43 24943. 14.7 K7 2.3;t 14 186 43 36SS9. 2l.S 21,.5 3.4 24 154 43 20169. 11.9 H.9 1.9 35 136 3S 18295. 10.8 10.B 1.7 50 109 51 24224. 14.2 1~.2 2'.2* 66 91 13 li287. 6.6 6.b 1.0 67 90 35 i3~IS . 7.9 7.9 L2 68 89 43 23802. 14.0 t4.0 2.2 75 78 43 17824. 10.5 10.5 \.6 76 77 43 36767. 21. 6 2U 3.4 82 70 43 9011. 5.3 5.3 U 83 69 71 84668. 49. S 49.8 7.:ll 87 65 43 16548. 9.7 9.7 l.S 89 63 43 21151. 12.6 t2.6 2.0t 92 57 43 14479. 8.5 8.5 1.3 93 5S 59 20593 . 12.1 12.1 1.9 9S 53 51 10038. 5.9 5.9 o 9t 97 51 43 12971. 19.1 lU 3.0 98 SO 43 20747. 12.2 i2.2 1.9 101 43 71 19065. 11.2 11.2 [,:1* 103 41 43 22829. 13.4 13.4 2.1 105 39 13 40626. 23.9 23.9 J.7 106 38 43 12137. 7.1 7.1 1.1* 
A35 
FAB complex, 1.26 in NBA(wet) 
J29RT6.1 [TIC=1433088~ 100~~183084l El 
IONISATION, F~B D-PH2S0/III/HBA (WET> 23HC/lnnllG NO. PEAKS, 107 
BASE/NREF INT, 183084.1 183084. TIC, 1133088. 
HASS RANGE, 37 - 405 
RETN TIME/MISC, 0, 0/ 01 01 PAGE 1 
PEAK MEASURED NO. ABSOLUTE % INT. % INT. % TOT. NO. HOSS POINTS INT£NSITY BASE HREF IIlN 
1 40'> 25 3561. 1.9 1.9 0.2 2 404 29 5548. 3.0 3.0 0.4 3 272 29 2941. 1.6 1.6 0.2 4 271 35 9962. 5.1 S .1 0.7 8 204 43 30662. 16.7 16.7 2.1 9 203 59 183084. 100.0 100.0 12.:]* 10 202 43 2~226 . 13.2 13.2 1.7 13 186 43 37694. 20.6 20.6 2.6 20 154 43 219&6. 12.0 12.0 1.5 31 136 43 20b2~. 11.3 11.3 1 , 48 109 71 28834. 15.7 15.7 2.0 63 91 35 15057. 8.2 8.~ 1.1 64 90 3S 14698. 9.0 8.0 1.0 65 89 43 26289. 14.1 14.4 1.8 70 93 43 10776. 5.9 5.9 0.8 74 78 43 20049. 11.0 11.0 1.4 75 77 43 41025. 22.4 22.4 2.9 79 71 71 24175. \3.4 13.1 1..7* i9 73 43 13895. 7.6 7.6 1.0 80 7\ 43 16973. 9.3 9.3 I. ;~* 91 70 51 17952. 9.8 9.S 1.3* 8~ 69 87 167800. 91.7 91. 7 11. 1* 86 65 35 19183. 10.5 10.5 1.3 88 63 13 23460. 12.8 12.8 I.. 92 57 43 27024. 14.8 l~.S 1.9 91 55 59 38369. 21.0 2U 2.7 9& 53 S9 13292. 7.3 7.3 0.9l 97 S2 35 9493. 5.2 5.2 0.7 98 51 43 36992 . 20.2 20.2 U 99 SO 35 22405. 12.2 12.2 1.6 101 43 71 43936. 24.0 2~. 0 3.U 103 41 13 45297. 21.7 24.7 3.2 105 39 43 535~3. 2Y.3 29.3 3.7 106 38 35 13900. 7.6 7.6 l.0 
FAB 
1 ~~ (1 
!?01 
80] 
,',j I 
. - i 
ttt1J 
t;"fl ! 
,;J.O~ 
A36 
complex, 1.26 M 
+ [Im---Ph C=O]H 2 
in NBA 
, 222 / 
3 1,).l :;;(i7 
, 2:::<:" I ';~~li I III! I . 24~,.2S1 t~'~' (i"?I'i\;I II' ::'::1::: 
\:,1 I lii'i jl': 111I I 'Ii II Iii! II ! 'I Iii! II, J I I ! I 
. I I! I ! 11 ! ! I I i I ! I : 1 til I II ! j J 11 j I! I I 1 ,j I Ii i i ! I i I I I Ii Ii iii j I Iii I 11 ' Ii i I d i r i I Iii 1 i j i j fa i I I 
220 240 ~60 280 300 320 340 360 380 
IONISATIOtl, 
~:O ?£AKS, 197 
BASE/NREF INT. 24;872.1 244872 . 
TIC: 187li68. 
MSS RANGe, 30 - 375 
RETN TlME/HISC, 0, 01 01 01 
P;'GE I 
PEt~K HEASURED NO. ABSOLUTE % HIT. :: INT ;( TOT. 
HO. M:'1SS POINTS INTENSITY BASE NREF ION 
37S 21 913. 0.4 o . ~ 0.0 
365 25 1265. 0.5 u.s 0.1 
33. 21 1227. o .S o .S 0.1 
318 25 1383. 0.6 0.6 ~: i 308 25 1449. 0.6 o .L 
6 307 35 6524. 2_7 2.7 Q.3 
7 29Q 2'; 1757. 0.7 0.7 0.1 
8 289 35 5612. 2.1 ~ ~ ~ 0.3 9 288 29 113S. U 0.1 
10 287 25 2159. 0.9 0.9 0.1 
i1 231 21 1232. o.s 0.5 0.1 
12 280 21 1372 U 0.6 0.1 
13 279 3S 3816. U L6 3.2 
14 278 21 lilS 0.5 o .S 0.1 
IS 274 21 932. 0.4 0.4 0.0 
16 273 25 1804 n.7 e.7 0.1 
Ii 2&5 29 3541 \.4 \.4 0.2 
18 259 21 1247. 0.5 U 0.1 
19 258 25 li50. 0.5 o 5 0.1 
20 2SS 21 335. U 0.3 0.0 
21 2S~ 21 712. 0.3 0.3 0.0 
22 2'52 29 ~ 0.8 o .S 0.1 23 2S1 35 1.9 1.9 0.2 
38 223 29 '3119:< . l.3 i .3 0.2 
39 "'J'") 3S -10BJo· 4. ~ 4.4 C.l. - . 
10 ~;I "' ,hOI. C .7 0.7 01 68 \83 si ·~~~~f 38.3 38.3 5.0t 69 182 35 3.3 :).3 o .J 
[65 75 71 ~~~t~ 5.2 5.2 n.n \66 74 71 33.7 33.7 4.U 
Ib9 70 35 ..J-\4b8 4.7 4.7 0.6 
170 69 71 ~44~ 100.0 100.0 n.H 
A37 
Appendix III 
Positive FAB mass spectra of multiple donor systems 
A38 
FAB of 1,10-phenathroline-Me ZNH 2+Cl- in NBA (0.6 M ) 
RT0002.1 [TIC=1438592, 100~=164164] El 
l::~ 
:313 
70 
6~j 
S0 
40 
H:t 
+ [o-phenanthroline---Me 2NH Z] 
/ ! ~ - .;:..;:.;::. .... ""1 '-"-1 \.71 c.~ i ..... ~ - ,~I:' .;,t:, 
- L J j'.' I' i 1 J I j [' iii i j I I J iii I j iii III Ci iii J i t I i I_I! i_ iii iii I I ! i_ iii iii D ~ i_ iii iii [ ... 1 iii i I J , i r~ .~ ,_ J J 
200 220 240 ~60 ~~0 300 ~~0 ~40 ~b0 
181 
[o-phenanthroline+H]+ 
!- ..... ·I\'VVVt-.lh.1 IONISATION: rAJ:.! 
NO. PEAKS: 144 
BASE/NREF INT: 164164./ 164164. TIC: 1438592. MASS RANGE: 30 - 361 
PEAK MEASURED NO. ABSOLUTE ;, INT. 7. INT. 7. TOT. NO. MASS POINTS HHENSITY BASE NREF ION 
1 361 25 1821. 1.1 1.1 0.1 3 281 25 2171. 1.3 1.3 0.2 4 227 25 1685. 1.0 1.0 0.1 
.... 226 35 6780. 4.1 4.1 0.5 ::l 6 22i 25 2100. 1.3 1.3 0.1 10 207 3S 4064. 2.5 2.5 0.3 23 181 Si 164164. 100.0 100.0 11.4* 133 46 35 54302. 33.1 33.1 3.8 
A39 
NBA (0.06 M ) 
RT212.1 [TIC=3333568~ lee~=229228J E1 
1'(;;'::1 
qV\l :~!~j . 
70J 
.... I 6 ~.~-, 
S\3J 
.:ll~i I 
'1 
::{li_~ 
2€iJ J.eJ 
nl 264 , 
;::B9 ,:;J87 
:372 
... I 
I I • II' "" :'.. i j I I J I L- I I I • J I _I I I lof .l, I i I I 
'4513 
I 
?? S:9 
1..-:"1- I.-.;'.C 
,-::t ~1 c .. c.· .. ' 
SCAN: , 6/25/87 23: i2 .1., 
IONISATION: FAB Ph2S02*MeNH2+Cl- 0.061'1 in NBA 
NO. PEAKS: 20i 
BASE/NREF HiT: 
TIC: 3333568. 
229228.1 22922B. 
MASS RANGE: '':) L ... - 460 
RETN TIME/MISe: 0: 01 0/ 0/ 0 
PAGE i 
PEAK MEASURED NO. ABSOLUTE -,t '"'iT '! INT. i; TOT. i. iN, . I. NO. MtiSS POINTS INTENSITY B{iSE NREF ION 
2 .. ,,'" {lIe. ':)r' <-J 294i. 1.3 , ., i.':> 0.1 
6 308 35 4921. 2.1 2.1. 0.1. 7 307 43 2325i. iO.l iO.l 0.7 iO 290 29 3837. 1.7 1..7 o . i ii 289 35 17278. 7.5 7.5 0.5 
13 273 29 2906. 1.3 i.3 o . i 
17 26 /\ 35 9762. 4.3 4.3 0.3 30 219 51 63709. 27.8 27.8 i.9 44 199 43 35655. i5.6 15.6 Li 8i i54 59 229228. iOO.O 100.0 6.9 
9b 138 43 72980. 31.8 3i.8 2.2* 97 137 59 i55988. 68.0 68.0 4.7 98 136 S9 197676. 86.2 86.2 S.9 1,:)1 i07 51 76928. 33.6 33.6 2.3 <..0 
i43 89 43 97524. 42.5 42.S 2.9 iS5 .,..., 5i 101340. 44.2 44.2 3.0 I I i80 46 51 21i360. 92.2 92.2 6.3* i87 39 <13 91692. 40.0 40.0 2.8 
A40 
RT211.1 [TIC~4787456~ 100~=767168] EI 
250 275 j0G 325 
SCAN: L 6/2Si87 22:51 
IONISfHION: Ff.lB Ph2SOaMeHH2+Cl- n. i6M NO. PEAKS: 23i 
BASEINREF INT: ry 1 .... 1. tn' / bl J.bo.! 767168. 
TIC: 4787456. 
MASS RANGE: i2 - '~82 
PEAK MEASURED NO. ABSOLUTE 
NO. MASS POINTS INTENSITY 
24 I""\! .~ ,..! 689'~0 . ~1:J'i ::.1. 
... ' 219 .." i795% . :l'i i i 
70 i99 1~3 80400. 
i07 FC" 
.j -' 43 56206. i08 154 7i 2'i2628. 
123 138 51 82068. 
124 137 59 i92988. pr-
<..:l 136 59 229468. 
134 127 51 39290. 
141 120 43 42343. 
i r -:l,j i07 51 91580. 
i69 9i 59 54478. 
i70 90 5i 77104. 
i7i 89 43 ii89i6. 
i82 ..,n to 43 60827. 
i83 77 51 141412. 
i94 65 43 4806';. 
196 63 43 72380. 
20'; r' :;1 43 91560. 
206 50 43 650i6. 
209 46 i03 767168. 
., 
.. 
l J I i j 
450 
[Me NH ---NBA]+ 2 2 
+ [NBA+H1 
15'1-
in NBA 
INT. 'f I'IT % TOL fa N! . 
BfiSE NRtF ION 
9.0 9.0 1.4 
23.4 23.~ 3.8 
iO.5 iO.5 1.7 
7.3 .., "! I ..... i.2 
3i. 6 31..6 5.i 
iO.7 iO.7 1.7 
':)c ':) 
~..J.£.. 
':)C; ':) 
'--t.L.. 4.0 
29.9 29.9 4:8 
5.1 5.1 0.8 
5.5 5.5 0.9 
ii. 9 i1. 9 1.9 
7.1 7.1. Li 
iO.i iO.i 1.6 
is.5 i5.5 2.5 
7.9 7.9 1.3 
i8.4 18.4 3.0 
6.3 6.3 1.0 
9.4 9.4 1.5 
i1.9 U..9 1.9 
8.5 8.S 1.4 
100.0 100.0 16.0* 
i I ! 
'475 
A41 
FAB of Ph 2S0 2 -Me 2NH 2+Cl- in NBA (0.60 M ) 
t J f i J ! i! t! ill CO.) .... _.I i Cit i c:~ i 250 275 ~00 ~~b 350 ~{5 
I j j ! 
'40(1 I •• • I i i '451] 475 
~I v + 1\ICoJ.Ual1;J 
SCAN: L 612'5/87 22:41 
IONISATION: FAB PH2S02IMeNH2+Cl- O.61M in 14M 
NO. PEAKS, 148 
BASE/NREF un: ii99680.! 1199680. 
TIC: 3753024. 
MASS RANGE: 12 - 478 
RETN TIME/MIse: 0: 01 0/ 01 0 
PAGE i 
PEAK MEASURED NO. f~BSOUJTE ~ INT. ~ INT. i. TOT. NO. MASS POINTS INTENSITY BfiSE NREF ION 
13 262 S1 1448'56. 12.1 12. i 3.9 
21 217 71 202416. 16.9 i6.9 5.4 60 153 43 62317. 5.2 5.2 1.7 
74 136 51 78868. 6.6 6.6 2.1 
75 135 51 92896. 7.7 7.7 'J ,.. ..... ::l 
82 f.28 43 54698. 4.6 4.6 i.5 
84 p' <-b S9 162436. 13.5 13.5 4.3 p" ........ 51 43 85996. 7.2 7 'J ..... 2.3 
123 SO 43 69696. 5.8 5.8 1.9 
126 46 119 H99680. 100.0 100.0 32.0*" 127 45 87 50759. 4.2 4.2 1.4* 128 44 59 87776. 7.3 ~ "1 I.v 'J ~ ..... ~ 
133 39 43 96S64. 8.0 8.0 2.6 
138 30 7i 51440. 4.3 4.3 1. 4* 
R 
A42 
+ -FAB of ph 2 S0 2 -Me 2NH 2 Cl in NBA (1.07 M ) 
?T209.1 [TIC=4953600. 100%=1513536J E1 
.., 
';ii-:::1J 
::;fiJ 
70 .. j 
r';(i .f 
'-j 
50 i 
.., 
4~i I 
. --, 
::a'1 i 
- "--t 
_ _ i 
;.::~.~.J 
1 L3J 
Oi 
! ! I 
f.-I....,.r* 
~( ::" 
lIt'u: j( 1 i.:U'i. MS 
SCAN: i, 6125/87 22: 30 
; I i 
t.~7r: 
,_, i .... l
IONISATION: FAB Ph2S02*Me2NH2+Cl- i.07M in MBA 
NO. PEAKS: i73 
BASE/NREF INT: i5i3536.1 15i3536. 
TIC: 4953600. 
MASS RANGE: 12 - 480 
REIN TIME/MISC: 0: 01 01 01 0 
PAGE i 
PEi'iK MEASURED NO. ABSOLUTE .( TNT. I. 
NO. MfiSS POINTS INTENSITY BtlSE 
''7 .,.~ 59 192660. 12.7 11 I-b-l 
28 .,4" f-.!.Q 71 2i3372. H.t 
80 129 r-' :l1 107052. 7.1 
82 1"" 7i 34558'i. .,., " '-, I.-£..,Q 
125 77 S9 150824. 10.0 
146 Sf 43 90672. 6.0 
tSO 46 143 1513536. 100.0 ir-., 
:l!.. 44 51 1.22708. 8.i 
157 39 43 93204. 6.2 
I l I J 1 
"+25 
t I ! 
'475 
. i 1 ! 1 i,:j.50 
! 
t '! 1 \ 1 \ : 1\ ; I ( 
., INi . % TOT. i. 
NRt:F ION 
12.7 3.9 
1'1.1. 4.3 
7.1 ., ., '-.'-
22.8 7.0 
10.0 3.0 
6.0 • 0 1.IJ 
iOO.O 30.6" 
8.1 ':) r-,-.j 
I ., 
C.I... 1.9 
, 
~~:5t1 
:30 
2~3 
l€i 
o 
100 
90 
:::(1 
70 
68 
50 
4(1 
:30 
A43 
RT304.1 [TIC=2465344~ 100~=341696] El 
333 
~~F+~~-r~-'~~T>~T>~~~T>~~-.~~~-r~-r~-r~-r~ 
121 
+ [Me 2NH 2---sulfolane] 
219 
[Me NH ---Ph SO ]+ 2 2 2 2 
10 141"'166 
0~~~~~~~~=r~~~~~~lt~.~~~~~~=p~~~~~~~~ 
1135 
241 \ 20 
DPO:RT304.MS 
IONISATION: FAR 
NO. PEAKS: 300 
BASE/NREF INT: 341696.1 341696. 
TIC: 2465344. 
MASS RANGE: 68 - 485 
PEAK MEASURED NO. ABSOLUTE i. INT. i. INT. i. TOT. 
NO. MASS POINTS INTENSITY BASE NREF ION 
47 339 51 31293. 9.2 9.2 1.3 
106 264 43 3i717. 9.3 9.3 1.3 
127 242 71 35557. 10.4 10.4 1.4 
128 241 59 65568. 19.2 19.2 2.7 
147 221 51 23550. 6.9 6.9 1.0 
148 220 71 62837. 18.4 18.4 2.5 
149 219 119 341696. 100.0 1110.0 i3.9 
150 218 71 22873 . 6.7 6.7 0.9 
165 203 51 28340. B.3 S.3 1.1 
166 202 43 17895. 5.2 5.2 0.7 
202 166 43 30535. 8.9 8.9 1.2 
247 121 87 305152. 89.3 89.3 12.4 
1010 
'?~3 
:30 
70 
6(1 
5(1 
A44 
FAB of Ph 2 S0 2 -Me 2NH 2+Cl- in glycerol (0.9 M ) 
RT303.1 [TIC=1660928, 100~=333168] EI 
40 [Me NH ---Ph SO ]+ 2 2 2 2 
H1 I I' :....1~·:39 :]I}l} 
-.-- "'''-4 ,.~~ 8 .-,~,., 
_ ..... ·H·j - ,~, .• ' .. .' , .... , ,~,,~ .:. 
\:.1_ - - - !! -" .. I ! ! - - 1~' - '-' 
t J I { i r I I I I 1 I iii c: I I J i j I I L til I I I I til ( i i j iii [ iii iii I j I [ Iii Iii iii [:1 iii I I I I [ [ I I I I I I I , i J 
H}0 
9(1 
E:(l 
70 
60 
50 
46 
30 
20 
Hi 
-I 
240 ~60 280 ~00 320 340 ~60 380 400 
93 1 ·.,·;:. '-"<-, 
75 
0~TnnT~Tn!lrl¥rnTnnTnHTn!l~~~MTrnTnnT~rnTn~n.TH7InT~Tn~rM~ bo 
DPO :RT303.MS 
IONISATION: FAB 
NO. PEAKS: 80 
BASE/NREF INT: 333168.1 333168. 
TIC: 1660928. 
MASS RANGE: 69 - 393 
PEAK MEASURED NO. ABSOLUTE 7. !NT. i. INT. I. TOT. 
NO. MASS POINTS INTENSITY BASE NREF ION 
2 373 29 200S. 0.6 0.6 O.t 
4 302 29 2941- 0.9 0.9 0.2 
5 300 29 4659. 1.4 1.4 0.3 
6 293 29 3023. 0.9 0.9 0.2 
., 291 3S 7836. 2.4 2.4 0.5 f 
9 289 35 8i74. ') r 2.5 0:5 ,-.J 
it 264 29 2373. 0.7 0.7 O. i 
18 219 43 20600. 6.2 6.2 1.2 
21 2iO 3S 190i6. 5.7 5.7 1.1 
23 208 43 29081. 8.7 8.7 i.8 
4i 138 7i 326560. 98.0 98.0 19.7 
49 127 87 307248. 92.2 .92.2 18.5* 
66 93 7i 333168. iOO.O iOO.O 20. i* 
A45 
RT0009.1 [T1C=2437696~ 100\=692592] E1 
':l0 
:3~3 
7£1 
60 
Sf1 
4~3 
-; 
JOJ [Me NH ---Ph SO ]+ 2(lj 2 2 2 2 
1 f3 264 
(i I 
1 { I [ iii I it ~ ~ I I 1- \~ 275 ~~~ ~~o 
46 
DPO:RTOO09.MS 
IONISATION: Fi;B 
NO. PEAKS: iI""' :;0 
BASE/NREF INT: bnSn. ,/ 
TIC: 2437696 . 
MASS RANGE: 30 - 485 
PEAK MEASURED NO. 
NO. MASS POINTS 
iO 265 35 
it 264 43 
i9 220 35 
20 219 59 
28 199 43 
66 136 43 
its 77 43 
144 46 7i 
1 i i 
.. C" 1.1 
'-"-'1"-
692592. 
ABSOLUTE 
INTENSITY 
i4037. 
75056. 
i7ti5. 
150524. 
28784. 
75672. 
82960. 
692592. 
7. 
1 i i 
400 
[NBA+H]+ 
154 
INT. 0' INT. I. 
BASE NREF 
2.0 2.0 
10.8 iO.8 
2.5 2.5 
21. 7 21.7 
4.2 4.2 
to.9 iO .9 
12.0 12.0 
100.0 iOO.O 
Iii 
425 
7. TOT. 
ION 
0.6 
3. i 
0.7 
6.2 
1.2 
3.i 
3.4 
28.4 
I ii j I j i 451:::1 475 
''':1 1 I~ 
'- J. _" 
A46 
+ -FAB of ph 2S0 2-Et ZNH Z Cl in NBA (0.6 M ) 
RT000S.1 [TIC=496240~ 100~=196400] EI 
100 
'30l 
801 
70 
60 
513 
IONISATION: FAB 
NO. PEAKS: 66 
BASE/NREF INT: 
TIC: 496240. 
MASS RANGE: 37 -
PEAK MEASURED 
NO. MASS 
i 294 
2 293 
3 292 
6 219 
9 185 
iO 184 
if 183 
40 74 
196400.1 196400. 
':lr"l" 
'-7'+ 
NO. ABSOLUTE 7. INT. i. INT. 
POINTS IrHENSITY BASE NREF 
2S i160. 0.6 0.6 
25 1414. 0.7 0.7 
35 8206. 4.2 4.2 
35 16756. 8.S 8.S 
43 8294. 4 ':l .f- 4.2 
35 2608. 1.3 1.3 
43 24540. 12.5 i2.5 
7i 196400. 100.0 100.0 
;, TOT. 
ION 
0.2 
0.3 
1.7 
3.4 
1. 7 . 
0.5 
4.9 
39.6 
A47 
RT000::: .1 [T I C=2144:::32, 100"~=8940fj0] EI 
331 
1 (1 
0~~~~~~~~~~~~~~~~~~~~~~~~~"TT~~_5r6r0 
1:;~ ~:0 
70 
6f1 
50 I 
4ft-
:30 
2~3 
102 
44 
'400 '450 
~I-' rrO 
10 0~~~~~~~+S~·9~f~~~~1~~~~6~'~1~S~4~~~~~~~~·1~~~.~~~~~~~~ 
L -.r. 1 ~.:h:J 150 
IONISATION: FAB 
NO. PEAKS: 108 
BASE/NREF Hn: 854000./ 854000. 
TIC: 2144832_ 
MASS RANGE: 3i - 560 
PEAK MEASURED NO. ABSOLUTE k !NT. k INT. % TOT. 
NO. MASS POINTS INTENSITY BASE NREF ION 
2 332 35 ii471.. 1..3 1.3 O. S 
3 331 51 82976. 9.7 9.7 3.9 
6 320 35 i2816. 1..5 1.5 0.6 
14 219 35 45556. 5.3 5.3 2. i 
23 154 35 22585. 2.6 2.6 1.1 
31 137 35 18785. ':) 'J .... <.. 'J ') <.. .... 0.9 
~'J 
,j"" 136 -r-,j::l 36135. 3.5 3.5 1.4 
54 102 103 854000. 100.0 100.0 39.8* 
+ -FAB of ph 2 S0 2 -(imidazoleH) I in NBA (0.6 M ) 
RT0007.1 [TIC=699008~ 100\=250384] EI 
11](1 
90 
88 
70 
60 
100 
9El 
8(1 
70 
6~) 
50 
4.j 
3~3J 
2~) 
1 ~3 
69 
+ [imidazole]H 
-:t-, ( i 
0~~4Y~~~rM~~~~~~~~~~rrl~n.TrMT~~~on~rnTrnlTH-r 
lIt'11 : t{ I U U O'J . MS 
IONISATION: EI 
NO. PEAKS: 80 
BASE/NREF INT: 250384./ 
TIC: 699008. 250384. 
MASS RANGE: 3i - 333 
PEAK MEASURED NO. ABSOLUTE 7. INT. i: INT. i~ TOT. NO. MASS POINTS INTENSITY BASE NREF ION 
3 288 35 3360. 1.3 1.3 0.13 4 ·287 35 i8404. 7.4 7.4 'j , ..... 0 5 265 35 9002. 3.6 3.6 1.3 9 2i9 . 43 32356. i2.9 12.9 4.6 i5 i54 35 i0643. 4.3 4.3 1.5 23 137 43 21093. 8.4 8.4 3.0 24 136 35 16667. 6.7 6.7 2.4 52 77 43 27439. 11.0 11.0 3.9 57 69 59 250384. 100.0 iOO.O 35.8 
A49 
ZABE888#5 xl Bgd=l 24-JUL-88 10:08+13:1313:35 ZAB-E 
BpM=a I=lav Hm=0 TIC=243858000 Acnt:BROCK 
Text:Ph2 S02 - PyH Br ratLo = 1:1 PT=a 
100 8 
90 
80 
70 
60 
513 
413 
313 
20 
113 
FB ... 
Sys:FAB 
Cal:24786G 
#5 1.( 
65534ee( 
711130( 
0~~~~~~~~~~~~ ____ ~~ __ ~~~~ __ ~q~·~7 __ ~~ MASS· 
1130 150 21313 2513 31313 3513 400 4513 5130 
